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INTRODUCTION
In apples, magnesium deficiency is very common not 
only in New England (27,36,41,95), but in other parts of the 
world as well (57,63,119). Although magnesium deficiency is of 
common occurrence, methods used in trying to correct it have 
not always been satisfactory. Kidson et_ al. (63) tried several 
methods of applying magnesium sulphate to trees. No definite 
improvement resulted except when the injection method of applying 
magnesium salts was used; however, Boynton et al. (18) con­
cluded that it did not hold much promise. While dolomite 
treatments ha-ve been tried, they have not always been successful, 
but Epsom salt sprays were found to be effective during the 
year of application (97).
A large amount of research has been conducted on the 
effects of chelating agents on the iron content of plants 
(113), but very limited success has resulted from their use 
with magnesium. Previous work conducted at the University of 
New Hampshire Indicated that Versenol magnesium chelate can be 
utilized readily by plants in solution culture (70). In 
addition the trisodium salt of N-hydroxyethylethylenediamine- 
triacetic acid (Versenol) has improved growth of apple trees 
(36).
Since present methods of correcting magnesium 
deficiency have been used with varied and often unsatisfactory 
results, this research has been conducted to study the effects
of a chelating agent (trisodium salt of N-hydroxyethylethyl-
1




The expansion of civilization has brought about 
changes in plant production which, have resulted in plant 
deficiencies (3 8 ). Changes in the physiological require­
ments of plants Influenced through domestication by man (3 8 ), 
and their culture in areas of limited nutritional availabilit 
(5 6 ) ha-'e encouraged deficiency situations.
In 194-5, Beeson (8 ) reported on the occurrence of 
mineral nutritional diseases in'the United States. Prom the 
examination of experiment station reports and other published 
references to deficiencies in plants, 12 5 reports relating to 
magnesium were encountered (8 ). Magnesium deficiency in 
apples is very common, not only in the northeastern section 
of the United States (12) and New England (27,36,41,95), 
but also in many parts of the world (5 7 ,6 3 ,1 1 9 ,1 2 0).
Deficiencies
The visible signs of magnesium deficiency in 
apples are often apparent on foliage (1 4 ,1 8 ,27,33,46,63,7.8',; 
95,119), although Emmert (41) has stated that plant nutrient 
deficiencies are not always accompanied by visible symptoms.
Visible symptoms of magnesium deficiency of apple 
trees usually develop after a considerable amount of shoot 
growth has been made (14). Symptoms appear in July or early 
August in New York (18), Massachusetts (95) and Maine (27).
However, Moon et al. (78 ) recorded unusual deficiency symptoms 
on primary leaves of fruit-bearing spurs and water sprouts 
twenty-eight days after full bloom in trees containing low 
amounts of magnesium. The time when deficiencies appear may 
depend upon the degree of deficiency, the time of vegetative 
activity and amount of ralnfal] (14).
Leaves near the base of the current season’s growth 
are the first ones usually affected by low magnesium (1 8 ,9 5 ). 
In the beginning, fading of color occurs between the veins. 
Boynton et al. (18) noted that the faded areas in leaves of 
McIntosh and Cortland trees often turn a very pale yellow.
The fading is followed by necrosis which produces the typical 
purplish-brown or dark brown blotches between the veins (14,
33>63,95,119). If the blotches are close to leaf margins 
they may overlap and appear as marginal scorch which is 
characteristic of potassium deficiency, spray injury or 
fertilizer damage (14).
As the season advances, the disorder progresses 
upward (95), causing defoliation to occur (6 3 ,9 5,-1 1 9), until 
the final result is a small tuft of green leaves on the tips 
of branches (6 3 ). Delap and Ford (33), working with young 
r.ooted apple shoots, observed that by the end of the season 
a tuft of apparently healthy leaves remained at the base, 
and one or two leaves at the apex. The same authors (3 3 ) 
observed that foliar symptoms and morphology of magnesium- 
deficient plants were in contrast to those suffering from 
iron deficiency; chlorosis was absent, but severe necrosis 
airs leaf-fall w ere present.
5Kidson et al. (63) reported that loss of leaves due 
to low magnesium adversely affected the development in both 
size and color of fruit on the trees. Southwick (95) and 
Forshey (46) noted that preharvest drop of fruit increased 
markedly with low magnesium. This is supported by obser­
vations of Chucka et, al. (27) that on a given McIntosh tree, 
branches that possessed the most leaf scorch dropped more 
apples than those branches which showed little or no leaf 
scorch.
Blake et al. (10), after studying responses of 
young apple trees to mineral nutrients, reported that mag­
nesium deficient treatments produced current season stem 
growth of small diameter. This is in agreement with the 
work of Delap and Ford (33) who also stated that reduction 
in length of shoot growth was slight compared with reduction 
in diameter.
Magnesium deficiency also leads to a small root 
system and a comparatively large top (33). Such a root 
system has a large percentage of dark-colored roots due'to 
an early death of cortex or juvenile bark (1 0 ).
Soil and Plant Analyses, and Influence of Treatment's;
Certain soil characteristics may be associated with 
magnesium deficiency. Hester et. al. (5 6 ) stated that mag­
nesium deficiency was very prevalent in the coastal plain 
section of New Jersey. The clay in coastal plain soils is 
of the kaolinltic type which does not carry magnesium as a 
normal constituent. Several reports which describe mag­
nesium deficiency indicated that soils were acid (5 6 ,5 7 ,9 5 , 
119).
Widespread use of sulphur sprays and ammonium 
fertilizers in the past appears to be at least in part 
responsible for the unusually high acid condition of soils 
in some apple orchards (14,16,41).
It was noted that soils with low exchangable mag­
nesium can contribute to magnesium deficiency in orchards 
(16,95,119).
Prince et_ al. (87) indicated that the ideal amount 
of magnesium should be about 10 per cent of the total exchange 
capacity of soil. The same authors also stated that a number 
of soils can fix magnesium.
Under certain conditions, the amount of available 
potassium and calcium in soil may have more Influence on the 
absorption of magnesium by the plant than the amount of 
available magnesium (56). Data from studies in New Zealand 
(6 3 ) showed that on fertilized soil only half as much mag­
nesium is available as on unfertilized soil. The authors 
(6 3 ) also recorded that even where available magnesium In 
the soil is not low enough to produce deficiency symptoms, 
the continued use of potash may Induce magnesium deficiency. 
Other reports also indicated that a high potassium supply in 
soil may lower plant magnesium (15,87,125). Base exchange 
relationship in soil is, therefore, very important (2 3 ,8 7 ).
The work of Cain (21) is in agreement with the latter for in 
experiments with magnesium deficiencies in young McIntosh 
apple trees, deficiencies were Induced or increased in 
severity by increasing the potassium supply.
7Wallace (120) found a close parallel when comparing 
soil and foliage contents of magnesium, while Wehunt and 
Purvis (1 2 5) found that leaf magnesium was not significantly 
related to either available soil magnesium or phosphorus. A 
highly significant negative correlation coefficient was found 
between leaf magnesium and available soil potassium (1 2 5). 
Titus and Boynton (106) reported that on some soils no rela- 
tlonship was established between soil analysis and leaf anal­
ysis, while in other orchards on different soils the 
relationship did exist. Walker and Mason (110) agreed with 
this by reporting that there was not a consistent relation­
ship between certain soil and corresponding leaf constituents. 
However, soil and leaf measurements when used together may 
give more reliable information than either by itself, 
particularly with nutrients like potassium, magnesium, and 
calcium which are interrelated in both soil and leaves (1 0 6 ).
Goodall and Gregory (47) compiled references on the 
nutrient content of plant material. Their list which includes 
the magnesium content of the apple tree showed that many 
different parts of the plant have been analyzed. Plant 
material that is selected for chemical analyses should reflect 
the nutrient status of the plant (15). Ulrich (108) pointed 
out that the practical application or use of plant analysis 
as a diagnostic procedure rests essentially upon the 
reliability of critical nutrient levels.
Boynton and Compton (15) reported that leaf blotch 
symptoms of magnesium deficiency are rare in apple trees 
when magnesium content is above 0.25 per cent of the dry
8weight of shoot leaves sampled in midsummer. When the mag­
nesium level is below 0,15 per cent, leaf blotch seems more 
likely to develop.
Kidson et. al. (6 5 ) tried several methods of applying 
magnesium sulphate to trees, with no definite improvement. 
Injection of magnesium salts was found to be a successful 
method of controlling the disorder. However, Boynton et al. 
(18) felt that Injections did not hold much promise as a con- 
trol measure, because injury occurred to the current season’s 
leaves with small overdoses and there did not seem to be a 
satisfactory carry-over from one year to the next when 
moderate doses were used.
Although dolomltic-treated soils have shown increases 
in exchangeable magnesium (76) and pH (12), Southwick and 
Shaw (96) reported that magnesium limestone broadcast on the 
surface in amounts up to 50 pounds per tree was not effective 
in controlling magnesium deficiency the following year.
Southwick and Smith (97) reported that commercial 
dolomite (magnesium limestone) was less beneficial than other 
materials, even when used in relatively large amounts, unless 
dolomite was applied along with Epsom salts.
A four-year study of the cation content of leaves, 
bark, and roots of Cortland apple trees by Eaves et. al. (35) 
showed that additions of dolomitic limestone resulted in a 
general increase in levels of magnesium and a decrease in 
potassium and calcium.
Epsom salts at the rate of 20 pounds per 100 gallons 
of spray solution has been found to be an effective means of
9preventing magnesium deficiency leaf scorch in the year of 
application. This method, according to Southwick and Smfth
'V- L-;
.1
(97), provides a temporary means for controlling scorch.
Plant Development,: Seasonal. Change,, Climate, Variety 
The distribution of individual elements is not 
uniform throughout all tissues or plant parts. Eaves e_t al. 
(35) found that the concentration of potassium was much 
higher in leaves and that of calcium in bark, while mag- 
nesium concentration was relatively uniform in leaves, bark 
and roots of the tree. Data of Hill and Johnston (57), for 
example, showed that the p.p.m. of magnesium in shoots is 
considerably higher than the content in petioles. The con­
centration of an element is not the same for all leaves on 
a given shoot and may vary with plant development (7 2 )..*
Emmert (40) reported that both total and soluble magnesium 
are present in lower concentrations in basal leaves than in 
tip leaves.
Smith and Taylor (92) have emphasized consideration 
of seasonal variations in nutrient element composition. 
Differences in season may produce significant differences in 
potassium and magnesium percentages in McIntosh leaves of the 
same age (17), An interesting experiment involving removal 
of six-year-old apple trees at approximately monthly Intervals 
was conducted by Mason and Whitfield (73). In February, 
nitrogen and phosphorus were located mainly in wood of the
roots and branches while potassium, magnesium and calcium 
were located mainly in bark of the branches.. In August 
there were large proportions of each of the elements in
10
leaves. At that time almost 50 per cent of the total mag­
nesium that was present in the entire tree was found in the 
leaves.
Rogers ut al. (88) studied seasonal trends of 
several nutrient elements in Delicious apple leaves. They 
reported that nitrogen, phosphorus, and potassium decreased 
as the season progressed, while calcium increased. No pro­
nounced seasonal trend" was' observed for magnesium when ex­
pressed either on a percentage basis or unit area basis.
This research is not in complete agreement with results of 
studies of Gain and Boynton (22) which showed that magnesium 
also increased as the growing season advanced. The work of 
Emmert (40) showed ^ust the opposite results, namely that 
there is a steady drop in magnesium concentration in basal 
leaves. Daily variations are also possible. In M. III. 
rootstocks, Allen (4) observed significant changes in the 
magnesium content of untreated leaves during the course of 
the day.
Went (128), in discussing the role of environment 
in plant growth, stated that almost any characteristic can 
be modified by one or more of the individual climatic factors. 
The tdme that deficiency symptoms appear on apple trees, for 
example, can be influenced by rainfall; the greater the 
rainfall the earlier the symptoms will appear (14).
Eisenmenger and Kucinski (58) reported that all 
plants do not respond in the same manner to low levels of 
magnesium. The rose family may need magnesium without show­
ing visible deficiency symptoms, although all members of a
given family are not, a os Limed to behave alike. At the 
Massachusetts station, Eisenmenger and Kucinski (38) showed 
that weeds such as Portulaca olerac'ea (common purslane or 
"pussley"), Oxalls corniculata (wood sorrel), Equisetum 
(horsetails) and Stellarla media (chickweed) which are not 
considered highly developed were not found on magnesium 
deficient plots. On the other hand, grasses and wild members 
of the aster family were present in abundance. It was also 
observed that of three types of corn planted on magnesium 
deficient soil, one showed no chlorosis, another only a slight 
degree, while a third grew to a height of only two feet and 
never developed tassels or seed.
A study by Kenworthy (62) indicated that varieties of 
a fruit and kinds of fruits differ in their content of several 
elements as measured by leaf analyses. Varietal difference in 
the degree of yellowing prior to foliar neorosis in apple 
trees has also been reported (1 3 ).
Balance and Relationships
An understanding of nutritional balance within the 
plant is important (31,90,91,108). Davidson and Blake (31) 
reported that development of nutrient deficiency symptoms in 
the peach is dependent primarily upon rate of growth of the 
trees, and failure of the medium to supply the limiting 
nutrient in amounts and proportions adequate for that rate 
of growth.
Shear e_t al. (90) emphasized optimum balance in plant 
nutrition. Their work indicated that, whether nutritional 
intensity is high or low, any critical change in accumulation
12
of one or more elements, not accompanied by appropriate changes 
in all of the other nutrient elements, will result in an unbal­
anced nutritional condition. According to Shear et, al. (91), 
the appearance of a deficiency symptom for a given element may 
only indicate that the element is low in relation to one or 
more other essential elements and, therefore, is unable to 
fulfill its normal function adequately at the high metabolic 
rate brought about by the relatively high' level of the other 
element or elements.
Delap and Ford (33) observed that more leaves remain 
at the end of the season on plants that were low in both iron 
and magnesium than on those with magnesium deficiency alone.
Cain (21) studied interrelationships between calcium, 
magnesium, and potassium in one-year-old McIntosh apple trees. 
The order of their effect on reducing tissue content of other 
cations was K>Mg>Ca. Wehunt and Purvis (125) reported that 
apple leaf magnesium was not significantly related to either 
available soil magnesium or phosphorus. A highly significant 
correlation coefficient of -0.60 was found between leaf mag­
nesium and available soil potassium. Calcium, potassium, and 
magnesium may also influence the boron status of plants (90).
There is also some evidence that a high nitrogen level 
is associated with an increase in magnesium content of apple 
foliage (7,123,124). The work of Mulder (80) and Truog e_t al. 
(107) indicated that a relationship between magnesium and 
phosphorus exists in plants, with magnesium being important 
in the uptake of phosphorus.
13
Somers and Shive (94) conducted experiments with soy­
beans in solution culture to study the iron-manganese relation­
ship in plant metabolism. They stated that iron and manganese 
are Interrelated in their metabolic functions and that the 
biological effectiveness of one is determined by the propor­
tionate amount that is present of the other.
Absorption and Translocation
Magnesium usually ranks third or fourth in the amounts 
of metallic nutrients found in plants (29). Collander (28) 
studied the selective absorption of cations on some twenty 
plant species and found that magnesium was absorbed in concen­
trations five times as great by some species and by oth­
ers only to concentrations one-third of those of Ga and- Sr.
It has been observed that plants are able to grow well 
on their reserve supply of certain nutrients (53,57). Hill 
and Johnston (57) studied nutrient reserves in McIntosh,
Fameuse and Melba apple trees that were budded to very vigorous 
root stock (Mailing XVI). The trees were grown for two years 
in a heavily fertilized nursery. Magnesium free nutrient 
solution was employed after the trees were transplanted Into 
pots containing sand. No significant reduction in growth or 
deficiency symptoms occurred In the first three seasons of the 
experiment. The authors attributed this response to large 
reserves that may have accumulated in the heavily fertilized 
nursery.
Harley et al. (53) conducted an experiment with young 
apple trees. The first year the trees were supplied with three 
levels of nitrogen, potassium and magnesium in factorial
14
combination. During the second year, the trees were supplied 
only with distilled water. Results of this experiment indicate 
that the primary growth in apple was largely dependent upon 
the nutrients that were stored in older tissue prior to 
primary growth.
Oland and Opland (82) studied the absorption of mag­
nesium Ions In old and young apple leaves. Old leaves were 
sprayed either in the early afternoon or in the evening with 
magnesium sulfate and sampled for analyses twenty-three hours 
later. There was no significant absorption by these leaves 
when magnesium was applied during the day, but evening spray­
ing resulted in a very large and highly significant uptake. 
After the first night, old leaves did not absorb to any extent, 
while young leaves absorbed significant quantities of magnesium. 
The authors stated that the large uptake after spraying in the 
evening points to ion exchange as the mechanism involved in 
absorption. Internal release of hydrogen Ions Involved in 
the exchange would be most likely to occur after the probable 
shift in production of organic acids during the evening.
Moore, et ad.. (79) conducted experiments with excised 
barley roots in which they found that excess Mg absorption 
was related to organic acid production in roots. Their 
results indicated that Mg is a metabollcally absorbed cation.
A recent report by Tiffin and Brown (105) indicated 
that malic and malonic acids may function in the transport 
of iron within plants.
Hanson and Biddulph (52) found a diurnal variation In 
the amount of rubidium and phosphate translocated from roots
15
to the shoots of beans. Maximum translocation occurred about 
midday and minimum about midnight.
Some reports on magnesium implied that magnesium was 
mobile (10,78), while others reported that magnesium was not 
mobile within the plant (4,20,82).
Moon et al. (78) concluded from analytical data on' 
leaves, fruit flesh, and seeds that scorching of leaves on 
fruiting spurs was the result of translocation of magnesium 
to seeds.
After studying uptake of metallic ions by leaves of 
apple trees, Allen (4) stated that there was no evidence that 
magnesium was moving from one leaf to another, or to the woody 
part of the stem; and that it would seem that magnesium move­
ment was into or out of the entire shoot. This is in agreement 
with results reported by Oland and Opland (82), that there was 
no indication that magnesium absorbed by sprayed apple leaves 
was redistributed to other plant parts during experiments 
lasting a few days.
Bukovac et al. (20) studied the absorption and mobility
p O
of Mg in the bean plant. Twenty-four hours after applying a
p Q
Mg solution to the upper surface near the center of one of
p p
the primary leaf blades, results Indicated that Mg was not
p Q
exported out of the treated leaf. The percentages of Mg 
absorbed from the root media and transported to the plant 
tops are: stem 33$, pods and seed 32$, primary leaves 5$, old 
and young trifoliate leaves 13-16$. The authors (20) also 
stated that magnesium deficiency symptoms may become evident 
in old leaves without any appreciable loss of magnesium from
16
these organs through redistribution to young leaves or to 
fruits.
Occurrence and Function 
Chlorophyll.
The presence of magnesium in chlorophyll has been 
known for many years (130)* Magnesium has been found to be 
important for chlorophyll synthesis (43).
Carbohydrate: mehxihoULsm. aai. Pho sphoxylatioji roahtipna. *
Magnesium plays a very important role in carbohydrate 
metabolism. This was well illustrated in a review of micro­
nutrient elements in enzyme systems by MoElroy and Nason (75).
A study with several plant tissue types, including 
spinach leaves, by Saltman (89) showed that magnesium ions 
are essential to activity of plant hexokinase. The enzyme 
enolase is activiated by magnesium (121).
Cori ejb al. (30) reported on the isolation and syn­
thesis of glucose -1- phosphoric acid. Mg ions accelerated 
the conversion of glucose -1- phosphoric acid to hexose -6- 
phosphoric acid. However, this study was conducted with 
muscle extracts.
Magnesium is required for many phosphate transferring 
enzymes and seems to be associated with the lcinases (75). A 
study by Mazells (74) showed that mitochondrial preparations 
of lupine and peanut cotyledons and whole chloroplast prepar­
ations from spinach and tobacco leaves possess adenylic Icinase. 
The chloroplast enzyme does not retain the metal as firmly as 
the mitochondrial adenylic kinase. Mg++ ps effective as the
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activator.
Elliot (39) used green pea seeds in a study of glut­
amine synthetase and glutamotransferase. The synthetase was 
maximally activated by Mg++ and to &• lesser extent by Mn++.
The reverse was true for the transferase.
Other functions.
Magnesium in the form of magnesium pectate may be a 
constituent of the middle lamella (3)* It may also be associ­
ated with certain organic salts.
Chelates and Chelating Agents
The word.
The word chelate Is derived from a Greek word which 
means claw (83,113)= A chelating agent is a complex organic 
molecule in which two electron-donating groups may be pictured 
as two jaws of a claw that can remove metal ions from solution 
(55). Chelate ring systems can be formed only by ligands 
which possess more than one point of attachment to a metal (8 3 ).
Tynes.
Natural chelating agents are well known (37,49,99,
113), and include compounds such as ascorbic acid, humic acid, 
citric acid, tartaric acid, amino acids, and many others.
Eichorn (37) provided an excellent coverage of coordination 
compounds in natural products. Many natural coordination com­
pounds are present in reactions involving plant and animal 
metabolism. Haertl (49) pointed out that many of the salts
of organic acids that are found in soil, stich as citrates,
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lactates, malates, tartrates, and others, are natural chelating 
agents. The synthetic chelating agent, et^ylenediaminetetra- 
acetic acid (EDTA), has received a considerable amount of 
attention. This is well illustrated in a list of references 
compiled by Wallace (113) which showed the enormous amount of 
research that has been accomplished with EDTA.
Another chelating agent of importance is N-hydroxy- 
ethylethylenediamlnetrlacetic acid (24). This compound isi
abbreviated as HEEDTA and has a commercial trade name of 
Versenol. It is also referred to as EEDTA, EDTA-OH (111) and 
HEDTA (25).
In addition to the two synthetic chelating agents,
EDTA and HEEDTA, numerous other chelating agents are available, 
plus the many metal chelates (111,113). EDTA as well as many 
other chelating agents are available as water soluble sodium 
salts (49,111).
Medical and industrial applications of chelating 
agents and their biological significance present a very broad, 
diverse and important area of study. Chelating agents have 
been used for various purposes, Including calcium and mag­
nesium determinations of soil and plant material (6), and 
cleaning procedures in the preparation of apple leaf samples 
for analyses (103).
Chelating agents are successfully used in nutrient 
solutions to maintain ionic balance. According to the worlc 
of Jacobson (61), a chelating agent can be used successfully 
to provide Iron for plants growing in nutrient solution.
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Majumder and Dunn (70) , working with nutrient culture 
under greenhouse conditions, found that EDTA in concentrations 
of ten micromoles or less was beneficial to growth of corn 
plants. This was especially noticeable in root development.
The authors were also successful in using chelated magnesium 
as a plant nutrient in solution culture.
Applications and effects.
Chelates and chelating agents have been used exten­
sively for correcting and studying iron deficiency (11,45,65,
68,77,98,100,129), Stewart and Leonard (100) found that five 
grams of Pe^as FeEDTA produced considerable greening of severely 
chlorotic trees, while twenty grams gave complete greening with­
in six weeks after application. The length of time that a 
chelated iron treatment lasts depends greatly on the length of 
time that it remains in the root zone. Leonard and Stewart 
(68) stated that FeEDTA is very soluble in water and that it 
can be removed from the upper area of soil. The work of Bould 
(11) indicated that the control of lime-induced iron chlorosis 
in fruit trees is possible by soil treatment, but rainfall is 
important for transporting iron chelate to the roots.
Miller (77) reported that complete correction of iron 
chlorosis resulted in citrus when the soil pH was raised by 
use of lime and dolomite and this treatment was followed by 
application of one ounce of iron as Versene Iron Chelate per 
tree.
The work of Ford _ej; „al. (45) on root development in 
citrus showed that applications of FeEDTA to chlorotic trees
showing extensive root damage resulted in new growth of roots.
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An increase in feeder-root growth also occurred when new leaf 
and shoot growth were produced under the influence of FeEDTA.
Zinc chelates have been used effectively in the control 
of pecan rosette by Alben (1), and in the correction of zinc 
deficiency on peach and sweet cherry trees by Benson at aJL. (9).
Walker and Fisher (109) reported that chelated mag­
nesium applied as foliar sprays or soil appliaations was not 
as effective in increasing the magnesium content of apple 
leaves as foliar sprays of magnesium sulfate.
Eggert (36) found that soil applications of Versenol 
chelating agent along with dolomitic lime greatly Improved 
the terminal growth, and size and color of foliage of Malus 
robusta No. 5 apple trees in comparison to trees that 
received only dolomite.
Stability.
The behavior of chelating agents in soils is very 
complex (115)* An important property of chelate ring com­
pounds is their unusual stability (8 3 ). Many natural chelating 
agents are. reported to have low stability constants and to be 
subject to soil microbial decomposition (1 1 3 ).
Stewart and Leonard (100) mentioned that the basic 
structure required for chelates used in acid or neutral soils 
as a source of iron has been the alkylpolyaminocarboxylic acid 
type. Metals from metal chelates can be replaced by metals in 
the soil with the metal and chelate binding probably being 
stronger for ferric and ferrous iron than for manganese, cal­
cium and magnesium (113). Atkinson and Wright (5 ) reported 
that leachihg 'a calcareous soil material with a chelating
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agent can result in the mobilization, transport and redeposition 
of iron and aluminum.
According to Kartell (71), an Increase in the number 
of chelate rings of the ligand, substituting acetate groups on 
the ethylenediamine to give EDTA or HEDTA greatly increases 
stability of the metal chelates formed, but decreases 
selectivity.
Results of certain studies by Lunt jet al. (6 9 ) indicated
that iron chelates can be fixed in certain soils.
DeRamer and Smith (34) presented the view that a
chelating agent can function in soil as a solubilizing agent
for relatively insoluble nutrients. In their study, chelates 
seemed to influence the availability of phosphorus.
Haertl (49) reported that when pH reaches 6 .5 , Versene 
(EDTA) begins to lose its complexing power for iron and iron 
begins to precipitate as insoluble hydroxide, phosphate, car­
bonate or other forms. However, Versen-01 (EEDTA) chelated 
with iron is a ready source of iron on both acid and alkaline 
soils.
and. aakiJLlix*
According to the experiments of Weinstein et al. (126), 
EDTA was absorbed by the roots of sun flowers. When EDTA was 
supplied to one portion of the root system, it apparently 
migrated to another portion of the root system and to the top.
Perkins and Purvis (86) reported that yield increases
from EDTA treatments were enough to show that chelate was 
absorbed by the plant and provided a source of nitrogen.
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Wallace et al. (118) produced additional evidence that 
the EDTA molecule is absorbed by the plant. Some studies 
indicated that more chelating agent than metal, when both are 
tagged with isotopes, reached the leaves from soil applications 
of the materials„(114)..
T oxieltv*
Chelating agents and metal chelates are sometimes 
toxic, resulting in plant injury (32,55,70,93,112). Hale and 
Wallace (51) note a realtionship between chelating agents 
causing toxicity in plants and those inhibiting CO^ fixation.
Smith and Specht (93) reported that chelated iron was 
toxic to leaves when used at 5 p.p.m. in solution culture if 
all other metallic 'ions were low in concentration. Toxicity 
was prevented by increasing the amount of any of three other 
metals (Cu, Zn, Mn).
Ma^umder and Dunn (70) found that concentrations of 
twenty micromoles or more of EDTA were toxic to corn plants in 
solution culture, Ooncentrations of ten micromoles or less 
of EDTA appeared to be nontoxic and growth-promoting.
Coordination compounds are widely distributed in 
nature (37) with natural chelation playing a very important 
role in both plant and animal metabolism (49). Biological 
systems containing metal ions and chelating agents may be 
very complicated (26). Chelating agents that are added to 
biological material may possibly compete with natural che­
lating agents (2).
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A chelating agent (EDTA) has been found to exist in a 
plant for many days after application (118).
Weissbach e_t al. (127) reported that EDTA can influ­
ence activation in the formation of phosphoglyceric acid from 
ribulose diphosphate and carbon dioxide.
In relation to the photosensitivity of iron che­
lates, Hill-Cottingham (58) stated the possibility that 
reduction may take place within the plant leaves to provide 
the less stable ferrous compound. The iron could then be 
removed more readily or be replaced by some other metal ion.
Hale and Wallace (51) studied the effects of chelating 
agents on C02 fixation reactions. Hough lemon and bush bean 
leaves were used as plant homogenates. Their results showed 
that HEEDTA inhibited C02 fixation with both phosphoenolypy- 
ruvate (PEP) and ribose -5- phosphate (R5P) as substrates.
An enzyme kinetic study, involving both re sc .ions and 
additions of heavy metals, indicated that HEEDTA toxicity is
probably not the result of chelation (51 > 11 4).
Gross (4b) reported that at low concentration EDTA 
influence s adenosinetriphosphatase activity.
Swanson (102) used rat liver homogenates'to study 
pyrophosphatase. It was observed that Versene markedly 
activates the enzyme, simultaneously reducing -Mg++ require­
ment., but not shifting optimum pH.
Chelating agents and metal chelates have been noted 
to incraase growth of plants (64,70,81). Heath and Clark (54)
suggested that IAA may act on growth in the same way as a che­
lating agent. Klein and Manos (64) reported that FeEDTA
increased growth of crown gall tissues. According to the 
authors, this indicated that the role of FeEDTA was not that 
of an auxin, for the tissues were prototrophic for auxins and 
are inhibited by these growth regulators.
Thimann and Takahashi (104) reported that the growth 
promoting effect of EDTA is not due to chelation with calcium. 
The chelating agent could prevent a metal and its site of 
action from coming together.
MATERIALS AND METHODS
Orchard Experiment
Ninety-eight one-year-old McIntosh apple trees, budded
to M. VII rootstocks were employed in the field experiment.
The experimental design was a 7x7 Latin square, each block
consisting of two trees. All trees were spaced 20 feet apart.
The following treatments were used in the experiment:
A. Complete fertilizer3, (1 pound 10-10-10-1)
B. Dolomite (2.5 pounds per tree) plus fertilizer (1 pound
1 0 — 1 0 — 1 0— 1 )
0. Dolomite (2.5 pounds per tree) plus 28.34-9 grams chelating 
agent*1 plus fertilizer (1 pound 10-10-10-1)
D. Dolomite (2.5 pounds per tree) plus 5 6 . 6 9 8  grams chelating 
agent plus fertilizer (1 pound 10-10-10-1)
E. Dolomite (2.5 pounds per tree) plus 28.349 grams Iron
chelate*3 plus fertilizer (1 pound 10-10-10-1)
P. Dolomite (2.5 pounds per tree) plus 5 6 . 6 9 8  grams iron
chelate plus fertilizer (1 pound 10-10-10-1)
G. Dolomite (2.5 pounds per tree) plus 2 8 . 3 4 9  grams chelating
agent plus 1 pound Sul-Po-Magc plus fertilizer ( 1 pound
1 0 - 1 0- 1 0- 1 )
A complete fertilizer consisting of \0% N, \Q>% Pp0,-,
10^ KgO, and MgO was used in all the treatments,
^Versenol and Versenol iron chelate were used in the 
experiment. Versenol is the trademark of the Dow Chemical 
Company for the trlsodium salt of N-hydroxyethylethylenedi- 
aminetriacetic acid.
cSul-Po-Mag Is the trade name of the International 
Minerals and Chemical Corporation for Sulfate of Potash-Magnesia.
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The soil was a Oharleton loam.
At each site on which a tree was to be planted, soil 
to a depth of one foot was removed from a 3 ,k3l area and 
placed in a large wooden box especially constructed for this 
purpose. Materials for each appropriate treatment were added 
and mixed simultaneously with the soil, after which the soil 
was replaced in the original excavation. The chelating agent 
and the metal chelate were applied in solutions by sprinkling 
the soil during the soil-mixing operation. The soil treat­
ments were started on April 24, 1959 and completed on April 27, 
1959. On May 1, 1959 the trees were carefully selected for 
uniformity, planted and then cut back to a height of 32 inches.
In 1959 the leaf samples were collected on October 1, 
from the mid-portion of the current season's growth. Thirty- 
three leaves from the two trees in each block were combined to 
make a composite sample for chemical analyses.
In 1960 the leaf samples were collected on August 16. 
Although the same procedure was followed the number of leaves 
per sample was increased to 60.
Soil core samples were obtained from the top 6 to 8 
inches of each plot on September 17? 1959.
Trunk circumferences were measured on November 21,
1959 and November 11, 1960. A white paint mark placed six 
inches above the surface of the soil on the trunk of each tree 
in 1959 served as a guide in locating the same position in i9 6 0 .
During the first year buckwheat was sown for an early 
cover crop to prevent erosion. This was disked tinder on 
August 7, and on August 1 5 . Annual brome grass was seeded on
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the entire area for a winter cover crop. In 1960 the annual 
brome grass was disked under and oats sown as a cover crop.
An area with a radius of two feet around each tree was period­
ically hand cultivated.
Greenhouse Experiment 
On March 7, 1960, McIntosh seeds were planted in flats 
containing various combinations of media ranging from pure 
sand to composted soil. On May 11, 1960, 140 trees grown in 
compost were selected for uniformity when they were removed 
from the flats. Roots were washed free of compost and the 
trees transplanted to Number 10 cans that contained Number 7 
Wausau Flint Quartz sand. All the cans had been previously 
covered inside with neoprene paint. Drainage was provided by 
six three-eighths inch holes near the center of each can, over 
which a sterile polyethylene petri dish or cover was inverted. 
Additional drainage was facilitated by several small holes 
along the bottom edge of each can.
The experimental design was a randomised block includ­
ing eight treatments replicated three times. The eight treat­
ments were:
1. Complete nutrient solution
2. Nutrient solution minus magnesium
3. Nutrient solution minus magnesium plus 2 micromoles of 
chelating agent
4. Nutrient solution minus magnesium plus 10 micromoles of 
chelating agent
3. Complete nutrient solution plus 2 micromoles of chelating 
agent
6. Complete nutrient solution plus 10 micromoles of chelating 
agent
7. Nutrient solution containing 1/5 normal concentration of 
Mg, Ca and micrometals
8. Nutrient solution containing 1/5 normal concentration of 
Mg, Ca and micrometals plus 10 micromoles of chelating 
agent
The basic nutrient solution was Solution Number One of 
Hoagland and Arnon (59). was used at the rate of 5
p.p.m. of iron, and renewed weekly. The pH was adjusted to 
approximately 5.5 with additions of sodium acetate.
In treatments 7 and 8, where calcium as Ca(NO^) ^ 6^0 
was applied at one-fifth its normal concentration, NH^NO^ 
provided the additional nitrogen sourse. The chelating 
agent used was the trisodium salt of N-hydroxyethylethylene- 
diaminetriacetic acid (Versenol).
Treatments were started on June 23, 1960. Previous 
to this time all the trees had received only distilled water. 
Each tree received 473 mis. of the appropriate nutrient 
solution on Monday, Wednesday and Friday of each week. On 
other days the sand was flushed with distilled water.
Growth measurements were obtained on July 14, July 
28a , August 11 and August 25, 1960.
Each tree was divided into three main regions for 
chemical analyses (See Figure 1.). A 20 centimeter region
aThe bottom photograph in Figure 4 shows seedling McIn­
tosh apple trees as they appeared at this time.
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below the terminal bud or growing point was Region A. Region 
B was a 20 centimeter central section that was located three 
centimeters above Region C. Region C was comprised of the 
older tissues. In young apple stems, this is the basal area 
on which the first leaves to develop are small. The stem 
section between A and B varied greatly in length on individual 
trees and was not included in the chemical analyses. The three 
centimeter section between aglons B and C was also omitted 
from chemical analyses.
Due to the fact that only a limited amount of tissue 
was available from certain regions of the tree, plant materials 
from all three replications sometimes had to be combined for 
chemical analyses. Regions that were combined included Region 
0 leaves, Region A stems and Region C stems (Tables 43 and 44).
The basal stem diameters of both Regions A and B were
measured with a micrometer when the stems were prepared for 
chemical analyses.
Leaf samples (including petioles) from Regions A, B 
and C were “obtained on August 12, 1960, and stem samples were
harvested on August 25, 1960. The leaves were wiped with a
wet sponge, to remove possible foreign material.
Chemical Analyses
Soil.
The pH determinations were made with a Beckman pH
meter using a 1:1 soil-water ratio. Soil sameles were ana­
lyzed for available P, K, Mg, Ca, Mn,and Pe. Samples were
extracted according to the method described by Peech and
English (85). Ca and K were determined with the Beckman 
flame photometer. A Klett colorimeter was used in the P,
Figure 1
Diagrammatic sketch of a young seedling apple tree showing 
the regions of the plant that were analyzed.
A — 20 cm. Apical Region 
B — 20 cm. Central Region 
0 — Basal Region
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Mg and Fe analyses.
Leaves and stems.
Leaf samples were dried overnight at 65° C and were 
ground in a Wiley mill to pass through a 40 mesh sieve.
Stem samples were cut into small pieces and oven dried. 
The dry stem samples were placed in a small container along 
with several pieces of dry ice. The container was then placed 
on a large block of dry ice and allowed to freeze. The con­
tents of the container including chips of dry ice were then 
ground in a Mikro-SamplMill.
Leaf and stem samples from the greenhouse experiment 
and the.leaf samples from the orchard experiment were analyzed
for N, P, K, Ca, Mg, Mn and Pe.
Moisture was determined on a 2 gram sample dried over­
night in a vacuum oven at 65°C.
Two gram samples were ashed in 100 ml. beakers o v e r ­
n igh t* in a muffle furnace at 500°C. In the morning, the samples 
were cooled and covered with an inverted watch glass that fitted 
inside the rim of the beaker. The ash was moistened with 
distilled water, and then 10 mis. of- 1 + 6 HC1 was added 
through the pouring snout slowly so as to prevent spattering. 
Samples were digested on a steam bath for 3 hours and then
were uncovered, evaporated to dryness and allowed to dehydrate
for about 4 hours. The residue was taken up in hot 0.1N HCl 
and filtered into 100 ml. volumetric flasks using Whatman 
Number 44 filter paper and hot 0.1 N HCl.
The following amounts of solution were used in the 
analyses: 5 or 10 ml. for Mg; 10 or 20 ml. for Ca; 10 or 25
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ml. for Mn; 3 or 8 ml. for Fe; and 1 ml. for P. Analyses were 
conducted according to the following methods: K with the Beck­
man Flame Photometer; Oa and Mg according to an unpublished 
EDTA method developed by Dr. ¥. A. Averill (6 ); P according 
to Method No. 1 of Ward and Johnston (122); Pe according to 
methods compiled by V. A. Lazar (6 6 ).
Nitrogen was determined according 'to the ICjeldahl 
method (60). A one gram sample was used in the nitrogen 
determination.
Statistical Methods 
The analysis of variance (84) and Duncan's multiple 
range test as described by LeClerg (6 7 ) were employed in the 
statistical analyses of the data.
RESULTS
Orchard Experiment
Visual observations and circumference measurements.
Pronounced differences in growth rates were observed 
in the experimental orchard. Trees planted in soil that- 
received 28.34 or 5 6 . 6 9  grams of chelating agent or iron che­
late in 1 9 5 9 produced less growth than trees planted in soil 
that received only fertilizer or fertilizer plus dolomite.
Trees that received sail applications of fertilizer were the 
most vigorous. The smallest amount of growth was produced by 
trees that received soil applications of 5 6 . 6 9  grams chelating 
agent.
Circumference measurements for 1959 and i9 6 0 and their 
statistical significance are presented in Tables 1 and 2 
respectivel3r. Table 1 is supported by Appendix Table 1 . All 
the calculated shortest significant range values (Rp) are 
located in the Appendix Tables. In 1959 the mean circumference 
of trees that received a high rate of chelating agent (treat­
ment D) was significantly smaller at the 1 per cent level than 
any of the remaining circumference means. A significant 
difference in circumference was not apparent when dolomite 
(treatment B) was used in addition to fertilizer. However, 
when a chelating agent or iron chelate was added with dolomite
the mean circumference was significantly smaller at the 1 per 
cent level of significance than that .in the trees that 
received soil applications of complete fertilizer (treatment A).
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Trees that received 28.34 grams of chelating agent plus 2.5 
pounds of dolomite (treatment C) were not significantly 
smaller in circumference than trees that received dolomite 
(treatment B). Although the mean circumferences of trees that 
received 28.34 grams of iron chelate (treatment E) was smaller 
than trees in treatment B at the 5 per cent level of significance, 
a significant difference was not evj.dent at the 1 per cent level. 
Significant differences were not found between the two;: iron 
chelate treatments (E and F). Treatment D trees had the smallest 
circumference. Compared with any of the other treatment means 
this difference was highly significant.
Treatments were applied only in 1959. According to the 
results obtained from visual observations in I960, differences 
in the amount of terminal growth that was produced by trees in 
the various treatments were not as pronounced as they were in 
1959.
In I960 the mean circumference of trees in treatment A 
was significantly larger at the 5 per cent level of signifi- 
canoe than the mean circumference of the trees in treatment B. 
Although trees that received 28,34 grams of iron chelate 
(treatment E) had a smaller mean circumference than trees that 
received 28.34 grams of chelating agent plus dolomite (treatment 0), 
neither of them was significantly smaller in circumference than 
trees that received dolomite (treatment B). The smallest mean 
circumference was recorded for trees that received 5 6 . 6 9  grams 
of chelating agent plus dolomite (treatment D). This measure­
ment was significantly smaller than any of the other circum­
ference measurements at the 1 per cent level of significance.
Table 1» Mean Circumference of Orchard Trees Expressed
in Inches-1959.
Treatments D G P E C B A





Table 2. Mean Circumference of Orchard Trees Expressed
in Inches-1960.
D G P E C B A







A Fertilizer; B Dolomite; C 28.34 g. Chelating Agent;
D 5 6 . 6 9 g. Chelating Agent; E .28.34 g. Pe Chelate; P 5 6 . 6 9  g. 
Pe Chelate; G Sul-Po-Mag plus 28.34 g. Chelating Agent.
A comparison of any two of the meah circumferences for treatments 
G,F, and E, at the 5 per cent level and treatments &»F, E and C 
at the 1 per cent level of significance reveals the nonsignif­
icant nature of these treatments. This relationship is 
illustrated by underscoring in Table 2.
Soil analyses-1959,
Soil pH of treatment A which was the only treatment 
that did not include dolomite was lower than any other treatment 
at the 1 per cent level of significance. The highest pH value 
of 5.56 for treatment D (5 6 . 6 9  grams of chelating agent) was 
significantly higher than any other pH value except treatment E 
(2 8 . 3 4  grams of iron chelate ) at the 5 per cent level. It was 
also higher than treatments F (5 6 . 6 9  grams of iron chelate) and 
A (no dolomite) at the 1 per cent level of significance* Non­
significant differences are illustrated in Table 3.
The only significant difference In soil potassium was 
that treatment G (Sul-Po-Mag plus 28.34 grams of chelating agent) 
with a value of 6 3 8 pounds of potassium per acre was significantly 
higher than any other treatment (Table 4).
Soil analyses for calcium showed that when dolomite was 
added, calcium content of the soil increased. A value of 807 
pounds of calcium per acre in treatment A was significantly lower 
than any treatment mean at the 5 per cent level. Table 5 illus­
trates the nonsignificant differences.
Treatment G which received Sul-Po-Mag plus 28.34 grams
of chelating agent had a mean magnesium rate of 558 pounds per 
acre. This value was significantly larger at the 1 per cent
Table 3. pH Values for Orchard Soils-1959.
Treatment A  F B 0 G E D
Mean 4.64 5.24 5*4-0 5.4-0 5.40 5.4-6 5.56
Statistical   —




Mean Soil Potassium Contend Expressed in 
Pounds Per Acre-1959.
B F E D 0 A G








aAvailable Potassium (8 5 ).
Table 5. Mean Soil Calcium Conten# Expressed in Pounds
Per Acre-1959.
Treatment A P B C D G E
Mean 807 992 1114 1178 1207 1250 1271
Statistical
significance   — _________  ■
5 £ --------
\ $
Table 6. Mean Soil Magnesium Content^Expressed in Pounds
Per Acre-1959.
Treatment A F B D C E G
Mean 222.0 345.8 397.7 400.2 407.2 415.8 558.0
Statistical
significance________ ____________ ______________ _______
5%
^Available calcium (8 5 ). 
Available magnesium (85).
level than any of the remaining means. The only other ma^or 
difference in soil magnesium was that treatment A which did 
not receive dolomite was significantly smaller at the 1 per 
cent level than any of the other treatment means (Table 6).
Table 7 illustrates the nonsignificant difference in 
sell iron between treatments A and D. The difference between 
any two of the following treatment means are also nonsignif­
icant: A, G, Gf F, and D. The soil in treatment D (56*69 
grams of chelating agent contained significantly larger 
amounts of iron than treatments B (dolomite) and E (28.34- 
grams of iron chelat^ at the 1 per cent level, also at the 
5 per cent level treatment F (56.69 grams of iron chelate) 
contained significantly larger amounts of iron than treat­
ments B and E.
Treatment A to which dolomite was not added had a 
mean manganese content of 4-9.7 pounds per acre. This amount 
was significantly greater than any of the remaining treat­
ments at the 1 per cent level (Table 8). The analyses showed 
that the soil from treatment 0 (28.34- grams of chelating agent) 
which contained manganese at the rate of 32.8 pounds per acre 
was significantly greater at the 1 per cent level than the 1 7 . 8  
pounds per acre rate for treatment G (Sul-Po-Mag plus 28.34 
grams of chelating agent). Table 8 illustrates the nonsig­
nificant differences that were found.
The differences between treatment means for soil 
phosphorus were not significant (Table 4-0).
Soil samples were not taken in 1960.
Table 7. Mean Soil Iron Contend Expressed In Pounds Per
Acre-1959.
B E A G C P D







Table 8. Mean Soil Manganese Content13Expressed in Pounds
Per Acre-1959.
Treatment G B P E D C A








The foliage of trees that received soil applications 
of chelating agent or iron chelate in addition to dolomite 
contained significantly more magnesium than foliage from trees 
that did not receive dolomite (Table 9). Although the mean 
percentage of magnesium in the foliage of trees in treatment 
B (dolomite) was 0.38 compared to 0*33 for trees in treatment 
A (without dolomite) the difference between these two treat­
ments was not significant. Trees that received 56.69 gram 
soil applications of chelating agent or iron chelate had a 
greater leaf magnesium percentage than trees that received 
only fertilizer or dolomite plus fertilizer. This difference 
was highly significant. The addition of 28.34 grams of che­
lating agent (treatment C) did not significantly increase the 
magnesium concentration of the leaves over the dolomite treat­
ment (treatment B).
At the 1 per cent level of significance leaves from 
treatment E (28.34 grams of iron chelate) were not signifi­
cantly higher in magnesium than those from treatment B (dolo­
mite) . No highly significant differences were noted between 
the means of any two treatments that received either chelating 
agent or iron chelate. However, the magnesium content of 
foliage from trees in treatment G (Sul-Po-Mag plus 28.34 
grams of chelating agent) was significantly higher than that 
from trees in treatment C (28.34 grams of chelating agent) at 
the 5 per cent level.
Treatment G was the only treatment to show a signif­
icant difference in leaf calcium (Table 10). With a mean 
leaf calcium percentage of 0.86 treatment G was lower than
liable 9. Mean Magnesium Content of Orchard Leaves Ex- »
pressed in Per Cent Dry Weight-1959.
Treatment A B C E P D G
Mean .33 .38 .41 .44 .45 .46 .47
Statistical
significance ..
5%   J IZ
\%
Table 10. Mean Calcium Content of Orchard Leaves Ex­
pressed in Per Cent Dry Weight-1959.
Treatment G D F B E C A
Mean 0.86 1 .02 1 .04 1 .07 1 .08 1.09 1.14
Statistical
significance _________ _ _ ________________ ____ __
any of the remaining treatment means at the 5 per cent level, 
and with the exception of treatments D and F it was signifi­
cantly lower at the 1 per cent level.
The highest mean potassium content of 2.19 per cent 
was obtained when dolomite was omitted (treatment A). Table 
11 shows that the difference was highly significant when com­
pared with any of the remaining treatment means. The only 
other major difference Was found at the 5 per cent level of 
significance where the mean of the dolomite treatment (treat­
ment B) showed significantly larger amounts of leaf potassium 
than the mean of treatment F (56.59 grams of chelating agent).
The mean leaf iron values are tabulated in Table 12. 
Iron was significantly higher in the leaves of trees that 
received soil applications of 56.69 grams of chelating agent. 
No significant differences were found between the means of 
any two of the remaining chelate treatments (C, E, G, and P). 
When chelating agent or iron chelate was not Included in the 
treatment, the iron content of the leaves was significantly 
lower at the 1 per cent level.
The omission of dolomite was characterized by a high 
leaf manganese concentration of 380 p.p.m. This value was 
significantly greater than that of any of the remaining treat­
ments, and the only instance of significant statistical dif­
ference at the 1 per cent level (Table 13).
Treatment G trees which received Sul-Po-Mag plus 28.34-
grams of chelating agent contained significantly less nitrogen
in the foliage than any of the other trees, except those in 
treatment D, at the 5 per cent level. However at the 1 per
44
Table 11. Mean Potassium Content of Orchard Leaves Ex­
pressed in Per Cent Dry Weight-1959.
Treatment F C E G D B A




1*           ____
Table 12. Mean Iron Content of Orchard Leaves Expressed 
in p.p.m.-1959.
B A C E G F D







Table 13. Mean Manganese Content of Orchard leaves
Expressed in p.p.m.-1959.
Treatment D F G C E





Table 14. Mean Nitrogen Content of Orchard Leaves
Expressed in Per Cent Dry Weight-1959.
G D F B C E A









cent level of significance the mean of treatment G was lower 
than only the means of treatments E and A (Table 14).
No significant differences were found for the phos­
phorus content of foliage (Table 40).
Leaf analyses-1960.
In i9 6 0 magnesium in foliage was significantly lower 
only when dolomite was not applied to the soil (treatment A). 
This highly significant difference is illustrated In Table 15. 
The largest amount of magnesium was found in leaves of trees 
grown, with treatment I) (5 6 . 6 9  grams of chelating agent).
The greatest concentration of potassium was found in 
the leaves of treatment A trees. The leaves of trees grown 
with treatment A were higher in potassium than all of the 
remaining treatment means at the 5 per cent level of signif­
icance except treatments G and E. However, at the 1 per cent 
level of significance the trees that received treatment A were 
higher in potassium than only the two treatments C and D which 
received a chelating agent (Table 16).
Although trees that received a chelating agent in 
addition to dolomite contained less manganese than trees that 
received only dolomite, the sole significant difference was 
found between the mean of treatment A (complete fertilizer) 
and any one of the remaining treatment means (Table 1 7).
No significant differences were found for nitrogen, 
phosphorus, calcium and iron. The mean values for each of 
these elements are located in Table 41.
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Table 15. Mean Magnesium Content of Orchard Leaves Ex­
pressed in Per Cent Dry Weight-1960.
Treatment -A C G B F E D
Mean .34 .38 .38 .38 .39 .39 .41
Statistical
significance  - 
5 fo
1 %     _____
Table 16. Mean Potassium Content of Orchard Leaves Ex­
pressed in Per Cent Dry Weight-1960.
C B E F G . A






Table 17. Mean Manganese Content of Orchard. Leaves Ex-
pressed in p.p.m.-1 960,
Treatment D F G C E B A
Mean 65 6 7 70 70 73 80 120
Statistical










1 Complete; 2 Minus Mg; 3 Minus Mg + 2 Micromoles Chelating Agent 
4 Minus Mg + 10 Micromoles Chelaiing Agent; 5 Complete + 2 i icro- 
moles Chelating Agent; 6 Complete + 10 Micromoles Chelating Agent; 
7 1/5 Mg, Ca & Kicrometals; 8 1 / 5 Kg, Ca & Micrometals + 10 
Micromoles Chelating Agent.
Terminal Growth of McIntosh Apple Seedlings 
from 7/14/60 to 8/2 5 / 6 0  Expressed in Centimeters.
4 3 2 7 5 8 1 6
35.0 38.2 41.6 52.9 53.4 53.9 54.6 58.5
Greenhouse Experiment
Visual observations.
Twenty-eight days after treatments were started thei
first visible symptoms of magnesium deficiency appeared on 
the lower central leaves of trees in the minus magnesium 
series. During the following five days, small darlc areas 
between the veins became very prominant. The foliage of 
trees that received a complete nutrient solution (treatments 
1, 5> and 6 ) and trees that received Mg, Oa and micrometals at 
1 / 5  their normal concentration plus 10 micromoles of chelating 
agent (treatment 8 ) appeared green and vigorous. However, in 
one of the replications purple-like spots were observed on one 
or more leaves of one tree in treatments 5, 6 , and 8 . These 
unusual colorations were barely visible. The three minus mag­
nesium treatment trees (treatments 2 , 3 ,and 4) all showed leaf 
magnesium deficiency symptoms. Treatment 7 which was the same 
as treatment 8 but minus the chelating agent, displayed unusual 
leaf symptoms. In addition to the dark areas between the veins, 
dark, orange-brown areas appeared near the tips and margins of 
some of the lower central leaves.
As the season advanced magnesium deficiency symptoms 
on the trees became more prominant. Central leaves were the 
first to display dark areas between the veins. A typical 
"arrowhead" pattern developed in many instances with the 
discoloration trend advancing from a lower leaf to the leaf 
above. In cases of severe deficiency symptoms the older 
central discolored leaves sometimes fell off the shoot. The
small basal leaves were not affected in the same manner as 
were the central leaves. Generally the small basal leaves 
appeared to be free of deficiency symptoms.
When leaves were harvested for analyses those from 
treatment 8 trees appeared to be the most vigorous and most 
desireable in texture.
Root observations.
Results of each treatment on the root systems of McIn­
tosh seedling apple trees are Illustrated in Figures 2, 3 and
4. Root systems of treatment 1 trees were normal and healthy. 
When magnesium was omitted the root system was dark and poorly 
developed. The addition of a chelating agent to a minus mag­
nesium solution resulted in an improved root system. Although 
the chelating agent appeared to improve the root systems of 
the minus magnesium trees, in neither treatment did roots 
develop equal to those that received a complete nutrient 
solution (treatment 1 ).
The root systems of trees that received 2 micromoles 
of chelating agent plus a complete nutrient solution (treat­
ment 5 ) showed an increase in root development over trees 
which received only a complete nutrient solution. More 
fibrous roots were found when the amount of chelating agent 
was increased to 10 micromoles (treatment 6 ).
The roots of trees from treatment 7 (1/5 Mg, Ca and 
micrometals) were thicker and darker than roots from trees 
receiving treatments 1, 5 , and 6 . The most well-developed 
and fibrous root system was obtained with treatment 8 (1/5 Mg, 
Ca and micrometals plus 10 micromoles of chelating agent..
PI gtir e 2
Root systems of trees that received a complete nutrient . 
solution. Prom top to hottoft the treatments were: 
Treatment
1 — Complete nutrient solution
5 — Complete nutrient solution plus 2 micromoles
chelating agent




Root systems of trees that received a minus magnesium 
nutrient solution. From top to bottom the treatments were: 
Treatment
2 — Nutrient solution minus magnesium
3 — Nutrient solution minus magnesium plus 2 micro-
moles of chelating agent
4 — Nutrient solution minus magnesium plus 10 micro­
moles; of chelating agent
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Figure 4
The two top photographs show the root systems of trees that 
received magnesium, calcium and the micrometals at 1 / 5  their 
normal concentration.
Treatment
7 — 1 / 5  magnesium, calcium and micrometals
8 — 1 / 5  magnesium, calcium and micrometals plus 10 
micromoles of chelating agent
The bottom photograph shows seedling McIntosh apple trees as 
they appeared at the end of July in the greenhouse experiment.
rt I _
Growth and, dry weight.
Growth and dry weight measurements are presented in 
Tables 18 and 19 respectively. Although trees grown in treat­
ment 6 were taller and weighed more than any others, the 
pronounced significant difference was that trees which received 
minus magnesium nutrient solution were significantly shorter 
and produced less dry weight than trees that received a com­
plete nutrient solution.
Diameter measurements.
Mean stem diameters of Regions A and B are indicated 
in Tables 20 and 21. Nonsignificant differences are illustrated 
by underscoring.in the appropriate tables. Diameters of Regions 
A and B were both significantly greater for trees that received 
a complete nutrient solution (treatments 1, 5 ,and 6 ) than in 
trees that received a minus magnesium nutrient solution (treat­
ments 2, 3 and 4). For diameters A and B at the 1 per cent 
level of significance no significant differences existed between 
any two treatment means that receded at least some magnesium 
(treatments 1, 5, 8 , 7,and 8 ). The mean stem diameter of 
Region B for trees of treatment 6 was significantly larger at 
the 5 per cent level of significance than for trees of treat­
ment 7 .
Leaf and stem analyses.
The mean magnesium content of apical leaves for each 
nutrient solution treatment is given in Table 22. Each of the 
complete nutrient solution treatments (treatments 1 , 5 and 6 ) 
produced apical leaves with highly significantly greater mag-
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Table 19. Mean Dry Weights of Three Composite Stem Sam­
ples of McIntosh Apple Seedlings Expressed in 
Grams.
Treatment 3 4 2 7 8 1 5 8
Mean 16.69 17.80 18.14 30.94 31.19 36.69 37.52 39.27
Statistical
significance   ,_____   .
5%
1 %
Mean Stem Diameters of McIntosh Apple Seed­
lings. Measurements Taken in Region A and Ex­
pressed in 0.001 of an Inch.
2 3 4 7 8 6 5 1







Table 21. Mean Stem Diameters of McIntosh Apple Seedlings.
Measurements Talten in Region B and Expressed in 
0.001 of an Inch.
Treatment 3 4 2




• iR H H t-
Kean Magnesium Content of Apical Leaves of McIn­
tosh Apple Seedlings, Magnesium Concentration 
Expressed in Per Cent Dry Weight.
2 3 4 7 8 1 6 5
0.14 o *16 0 . 1 6 0.23 0.24 0.31 0.31 0 . 3 2

















nesium content than nutrient solution treatments with less 
magnesium (treatments 7 and 8 ) or minus magnesium (treatments 
2, 3 and 4), Trees that received 1/5 Mg, Ca and micrometals 
(treatments 7 and 8 ) produced apical leaves with highly sig­
nificantly greater magnesium than trees grown in nutrient 
solution minus magnesium (treatments 2, 3 and 4).
Central leaves from the trees that received a minus 
magnesium nutrient solution (treatments 2 , 3 and 4) or a 
nutrient solution containing 1 / 5  the normal amount of Mg, Ca 
and micrometals (treatments 7 and 8 ) contained highly signif­
icantly less magnesium than trees that received a complete 
nutrient solution. Differences "between the minus magnesium 
and / or the 1 / 5  Mg, Ca and micrometal treatments were not 
significant (Table 23). The addition of 2 micromoles of che­
lating agent to the complete nutrient solution (treatment 5 ) 
did not significantly increase the mean magnesium concentration 
of the central leaves, but the addition of 10 micromoles of 
chelating agent (treatment 6 ) resuilted in a significant 
increase. The increase in magnesium content of central leaves 
from trees receiving complete nutrient solution plus 10 micro­
moles of chelating agent over that from trees receiving 2 
micromoles was significant at the 5 per cent level, and the 
increase over those receiving the complete nutrient solution, 
but no chelating agent was significant at the 1 per cent level.
Analyses of basal leaves showed that the largest 
amounts of leaf magnesium were found in trees that received a 
complete nutrient solution (treatments 1, 5 and 6 ). The 
smallest amounts of leaf magnesium were present in trees of
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Table 23. Mean Magnesium Content of Central Leaves of Mein
tosh Apple Seedlings. Magnesium Concentration
Expressed in Per Cent Dry Weight.
Treatment 2 4 3 7 8 1 5 8
Mean .09 .09 .10 .12 .15 .25 .28 .34
Statistical _________
significance _______________ _ ____________ _
5%
\%
■ S H U B I •
Mean Magnesium Content of the Central Stem 
Region of McIntosh Apple Seedlings. Magnesium 
Concentration Expressed in Per Cent Dry Weight.
2 3 4 7 8 5 1 6







the minus magnesium treatments (treatments 2 , .3 and 4). Leaves 
from Region C contained larger amounts of magnesium than leaves 
from Regions A and B (Tables 22, 23 and 43).
The apical stem region (Table 44) contained larger 
amounts of magnesium than did the central stem region (Table 24).
Results from analyses of central stem regions
showed that no significant differences in magnesium existed 
between any two treatment means of trees that received at 
least some magnesium. At the 5 pe** cent level of significance 
the minus magnesium treatments (treatments 2 , 3 and 4) were 
significantly lower than any of the remaining treatment means, 
while at the 1 per cent level of significance they were signif­
icantly lower than those in treatments 1 , 5 and 6 .
The magnesium content of the basal stem region (Table 
44) was similar to the magnesium content of central stem 
region (Table 24).
When calcium was added at a reduced rate (treatments
7 and 8 ) the calcium content of both apical and central
leaves was slgnificantly lower at the 1 per cent level than 
the calcium content of leaves from trees that received a com­
plete nutrient solution (treatments 1, 5 and 6 ). This was the 
only significant difference in calcium for the central leaves 
(Table 26).
in apical leaves there were additional differences 
(Table 25). Leaves from minus magnesium trees (treatments 2,
3 and 4) were significantly lower at the 5 per cent level in 
calcium than leaves from trees that received a complete 
nutrient solution (treatments 1, 5 and 6 ). Leaves from the
6o
Table 25. Mean Calcium Content of Apical Leaves of McIn­
tosh Apple Seedlings. Calcium Concentration Ex­











2 3 5 1 6
.48 .50 .59 .64 .64
Table 26. Mean Calcium Content of Central Leaves' of 
McIntosh Apple Seedlings. Calcium Concen­














apical region contained smaller amounts of calcium than leaves 
from the central region.
Basal leaves (Table 43) contained larger amounts of 
calcium than did the apical and central leaves (Tables 25 and 
26).
Values obtained in stem analyses did not follow the 
same order of treatments as the values in leaf analyses. The 
mean calcium content of stems from any of the minus magnesium 
treatment trees was significantly greater at the 1 per cent 
level than any of the remaining treatment means. Central stem 
sections from trees that received complete nutrient solution 
(treatments 1 , 5 and 6 ) had larger mean calcium concentrations 
than stem sections from either treatment 7 or 8 (1/5 Mg, Ca 
and micrometals) at the 5 per cent level of significance, 
while at the 1 per cent level only the mean of treatment 5 
of the trees receiving complete nutrient solution was signif­
icantly larger than the means of treatment 7 or 8 (Table 27). 
The calcium content of stems from Regions A and C .are pre­
sented in Table 44.
Results from the analyses of apical leaves (Table 28) 
revealed that when magnesium was omitted (treatments 2 , 3 and 
4) the mean potassium content of leaves from each of the minus 
magnesium treatments was significantly greater at the 5 per 
cent level of significance than any of the treatments which 
received magnesium. At the 1 per cent level of significance 
treatment 3 was significantly greater than any of the remain­
ing treatments which received magnesium,
The potassium content of central leaves was signif­
icantly larger when the trees received a nutrient solution
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Table 27. Mean Calcium Content of the Central Stem Region
of McIntosh Apple Seedlings. Calcium concentra­
tion Expressed in Per Cent Dry Weight.
Treatment 7 8 6 1 5 ^ - 3 2
Mean .33 »33 *40 *40 .46 .70 .72 .75
Statistical  — -- —
significance ■— -----
5%
Table 28. Mean Potassium Content of Apical Leaves of McIn­
tosh Apple Seedlings. Potassium Concentration 
Expressed in Per Cent Dry Weight.
Treatment 1 6 5 8 7 2 4 3
Mean 2.15 2.27 2.40 2.47 2.60 3.12 3.18 3.33
Statistical _______________ _




minus magnesium (treatments 2, 3 and 4). Smallest amounts of 
potassium were found in the foliage of trees that received a 
complete nutrient solution (treatments 1 , 5 and 6 ), and com­
pared to any other treatment this difference was highly sig­
nificant. Results from the analyses of central leaves revealed 
that leaves of trees in treatments 7 and 8 (l/5 Mg, Ga and 
micrometals) were significantly lower at the 5 per cent level 
than leaves from treatments 2 , 3 and 4, and significantly 
lower at the 1 per cent level than those from treatment 4 
(Table 29).
The potassium content of Region 0 leaves and Region 
A and 0 stems are presented in Tables 43 and 44. No signif­
icant differences were found in the potassium content of 
central stems (Table 42).
The p.p.m. of iron in the various parts of the tree 
that were analyzed are shown in Tables 30, 42, 43, and 44. A 
significant P test was obtained only for the apical leaves.
The p.p.m. of iron in treatment 3 (minus Mg plus 2 micromoles 
of chelating agent) was significantly greater than any of the 
remaining treatments except treatments 4 (minus Kg plus 10 
micromoles of chelating agent), and 6 (complete nutrient 
solution plus 10 micromoles of chelating agent) at the 5 per 
cent level cf significance, and only greater than treatments 
7 and 1 at the 1 per cent level of significance (Table 30).
Results from the analyses of the apical leaves showed 
that those from treatment 3 contained more manganese than those 
from any of the remaining treatments except treatment 2 » 
the 5 per cent level of significance, and treatments 2 and 4
Table 29. Mean Potassium Content of Central Leaves of
McIntosh Apple Seedlings. Potassium Concen­
tration Expressed in Per Cent Dry Weight.
Treatment 5 6 1 8 7 2 3 4





Table 30. Mean Iron Content of Apical Leaves of McIntosh 




















at the 1 per cent level of significance. Trees that did not 
receive magnesium contained significantly more manganese in 
the apical leaves at the 1 per cent level than those from any. 
of trees that received magnesium (Table 31).
The manganese content of central leaves is given in 
Table 32. When manganese was present in the nutrient solution 
at 1 / 5  the normal rate (treatments 7 and 8 ) the amount of man­
ganese in the leaves was significantly lower at the 1 per cent
level. The greatest amounts of manganese were found in leaves 
of trees that received a minus magnesium nutrient solution 
plus a chelating agent (treatments 3 and 4).
Basal leaves (Table 43) possessed the highest man­
ganese content of all of the tissues analyzed.
Results from the analyses of stems from the central
region showed that the mean manganese content of any one of 
the minus magnesium treatment stems (treatments 2 , 3 and 4) 
was greater than that of any of the other treatment means at 
the 5 per cent level of significance. However, at the 1 per 
cent level of significance only the mean manganese content of 
stems from treatment 4 (minus Mg plus 10 micromoles of chelating 
agent) was significantly greater than those from any one of 
the other treatments which received magnesium. The mean man­
ganese content of stems in treatments 2 , 3 and 4 was signifi­
cantly greater than the mean manganese content of stems in 
treatment 8 at the 1 per cent level of significance,.(Table 3 3 ). 
Apical and basal stem analyses results are located in Table 44.
Apical leaves and apical stem sections possessed more 
nitrogen than central leaves and central stem regions 
respectively.
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Table 31. Mean Manganese Content of Apical Leaves of McIn­
tosh Apple Seedlings. Manganese Concentration
Expressed in p.p.m.
Treatment 7 8 1 5 6 4 2 3




Table 32. Mean Manganese Content of Central Leaves of 
McIntosh Apple Seedlings. Manganese Concen­
tration Expressed In p.p.m.
Treatment 8 7 5 1 6 2 3 4





Table 33. Mean Manganese Content of the Central Stem
Region of McIntosh Apple Seedlings. Manganese
Concentration Expressed in p.p.m.
Treatment 8 7 6 1 5 3 2 4
Mean 5 11 11 12 12 21 21 25
Statistical   .
significance ____ ___________ ____________
5%
Table 34. Mean Nitrogen Content of Apical Leaves of McIn­
tosh Apple Seedlings. Nitrogen Concentration 
Expressed in Per Cent Dry Weight.
Treatment 4 2 3 1 5 6 8 7
Mean 2.78 2.95 2.99 3*09 3.20 3.21 3.42 3.50
Statistical _ _________
significance
5% 11 ” “
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Many nonsignificant differences were found in apical 
leaf nitrogen concentration. These are illustrated in Table 34.
Apical leaves from the minus magnesium treatments 
(treatments 2, 3 and 4) contained less nitrogen than leaves 
from the 1/5 Mg, Ca and micrometal trees (treatments 7 and 8). 
This difference was highly significant. A similar significant 
relationship was observed in the central leaves (Table 35).
Results from the analyses of central stems revealed 
that those from treatments 7 and 8 contained significantly 
more nitrogen than those from treatment .2 (minus Mg) at the 
1 per cent level of significance. At the 5 per cent level of 
significance the mean of treatment 7 (1/5 Mg, Ca and micro­
metals) was not significantly greater than the mean of treat­
ment 8 (same as treatment 7 plus 10 micromoles of chelating 
agent) but was significantly larger than any of the remaining 
treatment means. The mean of treatment 8 which was smaller 
than the mean of treatment 7 was not significantly greater than 
the mean of treatment 4, but was significantly greater than 
any of the other treatment means at the 5 per cent level of 
significance((Table 36).
Apical leaves and stems contained more phosphorus than 
central leaves and central stems respectively. The mean phos­
phorus content of the apical leaves of either treatment 7 and 
8 was significantly larger than that of any of the remaining 
treatment means at the 5 per cent level of significance (Table 
37). Treatment 7 was also significantly larger at the 1 per 
cent level of significance while treatment 8 was significantly 
larger than any of the remaining treatment means except treatment 
1 (complete nutrient solution).
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Table 35. Mean Nitrogen Content of Central Leaves of
McIntosh Apple Seedlings. Nitrogen Concentra­
tion Expressed in Per Cent Dry Weight.
Treatment 2 3 4 5 1 6 8 7




Table 36. Mean Nitrogen Content of the Central Stem Region 
of McIntosh Apple Seedlings. Nitrogen Concentra­
tion Expressed in Per Cent Dry Weight.
Treatment 2 6 1 3 5 4 8 7
Mean .41 .53 .54 .55 .56 .57 . 6 9  .71
Statistical   ;_
significance_________________________________ ________
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Table 37. Mean Phosphorus Content of Apical Leaves of
McIntosh Apple Seedlings. Phosphorus Concentra 
tion Expressed in Per Cent Dry Weight.
Treatment 3 4 2 5 6 1 8 7
Mean .30 .30 .31 .31 .31 .32 .35 .36
Statistical
significance ■
5% “ ' — — —
\ $
■ iB H B t
Mean Phosphorus Content of Central Leaves of 
McIntosh Apple Seedlings. Phosphorus Concen­
tration Expressed in Per Cent Dry Weight.
5 1 3 6 2 4 8 7
.16 .16 .16 . 1 7  .1? . 1 7 .20 .21
1#







The only significant differences in phosphorus content 
of central leaves were that treatments which received 1/5 Mg, 
Ca and micrometals (treatments 7 and 8) were significantly 
higher at the 1 per cent level of significance than any treat­
ment (Table 38).
Central stem sections from treatments 7 and 8 con­
tained significantly larger amounts of phosphorus than those 
from treatments 1,2, 5 and 6 at the 1 per cent level and from 
treatment 3 at the 5 per cent level of significance. Nonsig® 
nifleant differences are illustrated in Table 39.
The phosphorus content of basal leaves and apical and 
basal stems are present in Tables 43 and 44.
A comparison of the levels of several elements in 
leaf samples that were obtained from the three areas of the 
;ilant are presented in Table 45. Nitrogen, phosphorus and 
potassium were highest in apical leaves and lowest in basal 
leaves. Magnesium, calcium and manganese were highest in 
basal leaves. Results from iron analyses revealed that iron 





Mean Phosphorus Content of the Central Stem 
Region of McIntosh Apple Seedlings. Phosphorus 
Concentration Expressed in Per Cent Dry Weight.
6 1 2 5 3 4 8 7




Table 40. Mean Soil and Foliar Phosphorus Content for
Orchard Experiment-1959. Nonsignificant F Test.
Treatment Soil P Foliar P








Table 41. Mean Nitrogen, Phosphorus, Calcium and Iron Con­
tent of Orchard Leaves-1960. Nonsignificant F 
Test.
Treatment ?££ ,Pent.:Dry..Weight P.p.m.. Dry Weight









20 1 .07 145
19 1.08 142
19 1 .09 156
20 1 .06 147
19 1.08 147
20 1.04 142
Table 42. Mean Potassium Content of Central Stem Region
and Mean Iron Content of Central Leaves and 
Central Stem Region. Nonsignificant F Test.
Per Cent Dry Weight P.p.m. Dry Weight
Treatment _ , .
Central Stems Central Central
Leaves Stems
K Fe Fe
1 . .53 133 34
2. .57 171 39
3. .57 254 34
4. .72 289 32
5. .54 207 32
6. .57 325 40
7. .52 1 62 39
8 . .52 176 35
Table 43. Element Composition of.Composite Samples of Basal
Leaves (Region C).
Per Cent Dry Weight P.p.m. Dry Weight
Treatment3- Mg Ca K N P ‘ JTe Mn
1 . .41 1 .79 1 .69 1 .95 .14 188 80
2. .21 2.14 1 .65 1 .85 .14 253 100
3. .18 2.32 1 .80 2.23 .15 303 95
4. .19 2.19 1 .69 1.85 .15 336 108
5. .46 1 .92 1 .50 1 .86 .14 237 10 0
6. .36' 1 .88 1.61 1 .94 .14 251 89
7. . 26 1.49 1.88 2.06 .16 192 74
8. .26 1 .44 1 .88 2.04 .17 206 71
treatments
1. Complete nutrient solution
2. Nutrient solution minus magnesium
3. Nutrient solution minus magnesium plus 2 micromoles of 
chelating agent
4. Nutrient solution minus magnesium plus 10 micromoles of 
chelating agent
5. Complete nutrient solution plus 2 micromoles of chelating 
agent
6. Complete nutrient solution plus 10 micromoles of chelating 
agent
7. Nutrient solution containing 1/5 normal concentration of 
Mg, Ca and micrometals
8. Nutrient solution containing 1/5 normal concentration of 
Mg, Ca and micrometals plus 10 micromoles of chelating 
agent
Table 44. Element Composition of Composite Samples of Apical Stem Regions (A) and Basal
Stem Regions (C).
Per Cent Pry Weight P.p.m. Dry Weight
Mg Ca K N P Pe Mn
Treatment3, A C A C A C A C A C A C A C
1 . .27 .08 .49 .53 1 .27 .52 2.19 .58 .21 .11 50 54 23 6
2. .06 .02 .67 .87 1 .50 .50 1 .20 .44 .14 .10 38 53 33 22
3. .07 .01 • 58 .96 1 .33 .52 1 .24 .54 ♦ 1 6 .12 59 79 39 21
4. .08 .03 .73 ♦ 86 1 .59 .47 b .54 .14 .12 39 60 21 10
5. .26 .07 .50 .64 1 .30 .47 2.04 .54 .20 .1 1 42 52 24 15
6. .28 .10 .49 .55 1 .40 .52 2.20 .51 .21 . 11 44 62 22 14
7. .22 b .42 .49 1 .47 .50 2.38 .70 .24 .10 44 b 21 42
8. .23 .07 .45 .46 1 .40 .49 2.29 .70 .24 .14 53 69 24 8
^See Table 43 
Sample not available
Table 45. A Comparison of the Levels of Several Elements 






Magnesium®" Medium^ Low^ High d
Calcium Low Medium High
Potassium High Medium Low
Iron Not Consistent
-L
Manganese Medium Low High
Nitrogen0 High Medium Low
Phosphorus High Medium Low
aIn Treatment 6 Central Leaves were Medium.
^In Treatment 6 Apical & Central Leaves were the same.
°In Treatment 3 Basal Leaves were Medium.
The concentration of an element in a given region of the tree 
in relation to the other two regions of the tree.
DISCUSSION
Trunk circumference .and diameter measurements were 
employed to determine tree vigor. Sudds and Anthony (101) 
emphasized that in apple trees, trunk circumference is very 
closely related to weight and elongation of branches.
The addition of 28.34- or 5 6 . 6 9  grams of chelating 
agent or iron chelate to the soil resulted in significantly 
less growth. However It must be emphasized that these rates 
were considerably higher than those used previously by 
Eggert (36), who reported that the same chelating agent and 
iron chelate improved the terminal growth of young apple 
trees. Under certain conditions EDTA (70), Iron chelates of 
EDTA and HEEDTA (117), and NaFeHEEDTA (34) have been found 
to be toxic to plants and to depress growth. High rates of 
application have sometimes been the cause of toxicity.
HEEDTA has been found'to inhibit certain CC^ fixation 
reactions (51). Since HEEDTA inhibition of certain carboxyla- 
tion reactions is only slightly overcome by the addition of 
heavy metals, Wallace (114) reported that HEEDTA toxicity 
probably is not due to chelation. In the greenhouse experiment 
where the chelating agent was present in small concentrations, 
the chelating agent improved root development.
During the first year a significantly larger amount 
of magnesium was found in the leaves of the orchard trees 
that received dolomite plus 5 6 . 6 9  grams of chelating agent 
or iron chelate than in trees that received only dolomite. The
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following year this difference was not significant, ho signifi­
cant differences in the amounts of soil magnesium were found 
between the mean of the treatment that included only dolomite 
(treatment B) and the means of treatments that received dolo­
mite plus chelating agent or iron chelate (treatments 0, D, E 
and P). However in 1959 the foliage of trees that received 
soil applications of 5 6 . 6 9  grams of chelating agent or iron 
chelate (treatments D and P) contained highly significantly 
more magnesium than foliage of trees that received soil appli­
cations of dolomite. Although Versenol effectively forms a 
chelate with iron from pH 2 to above pH 8, it does not 
effectively chelate magnesium below pH 6 (50). Soil samples 
that were obtained from treatments which had received a 
chelating agent, or iron chelate, had pH readings ranging from 
5.2 to 5*5. These pH values were considerably lower than 
pH 6.0. However, there probably were areas in the soil where 
the chelating agent could come in contact with dolomite. In 
the soil mixing process the dolomite and the chelating agent 
definitely came in close association. Under such an alhaline 
environment some of the magnesium from dolomite could be 
chelated. The roots that came in contact with that region 
probably were in close association with a chelated magnesium 
source.
In i9 6 0 there were no significant differences in 
magnesium concentration of orchard leaves obtained from trees 
that received dolomite (all except treatment A). The 1959 
leaf samples were collected on October 1. This was considerably
later than the collection date in i9 6 0 , which was August 16. 
Many recommendations suggested that mid-season leaves show 
greatest sensitivity to changes in nutrient supply (42). The 
first year the leaves were collected late in the season to 
assure a sufficient size of sample for chemical anaylses. A 
large number of trees that received a high rate of chelating 
agent did not possess a sufficient number of leaves in early 
August, but a late season flush of growth which occurred in 1959 
improved the situation. Late season leaf sampling may have some 
merit, since Fisher et_ al. (44) reported that leaf samples 
obtained at a later date (September) may be more reliable in 
estimating the sensitivity of magnesium deficiency than samples 
collected during mid-summer. Sometimes magnesium has been found 
to increase as the season advances (22). However Emmert (40) 
reported a drop in magnesium concentration of basal leaves, 
while Rogers et al. (88) found no pronounced seasonal trend 
from .analyses calculated both on a percentage basis and on a 
unit area basis. With such a discrepancy one would have to 
agree with Emmert (42) that reports on seasonal magnesium are 
controversial.
Central leaves of young McIntosh seedling trees con­
tained more magnesium when a chelating agent was added to the 
complete nutrient solution. The apical leaves, on the other 
hand, reflected the magnesium concentration of the nutrient 
solution. No significant differences could be attributed to 
the chelating agent from the results of the stem analyses.
Majumder and Dunn (7 0 ) successfully used Versenol magnesium 
chelate in place of magnesium sulfate as a plant nutrient in
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solution culture. Foliar chemical analyses from the latter 
experiment were not reported,therefore magnesium comparisons 
on a per cent dry weight basis were not available. A maximum 
buffering point for HEDTA (Versenol) is pH 5.33 (25). Although 
the pMg figure for HEDTA was not found the figures for EDTA 
are higher than for HEDTA (25). At a pH of 5.5 Versenol is 
a good buffering agent and more magnesium cations will be 
dissociated than any other metal (50). Magnesium ions under 
these conditions should be very abundant.
Several reports indicate that a chelating agent can be 
absorbed by roots (8 6 , 118, 126). From the root observations 
it appears that a root system deprived of magnesium can proba­
bly better utilize small amounts of magnesium when a chelating 
agent is added (Fig. 3 ). Weinstein et al. (126) reported that 
when EDTA was supplied to one portion of the root system it 
apparently migrated to another portion of the root system. 
Perhaps the chelating agent may have aided in the transport or 
distribution of magnesium, thereby making better use of the 
relatively small amount of magnesium that was present. The 
results of iron chelate and exudate experiments by Tiffin and 
Brown (105) indicate that malic and malonic acids may function 
In the transport of iron within the plant.
i
It has been found that excess magnesium absorption 
and organic acid formation in the root are closely related, 
thus labeling magnesium as a metabolically absorbed cation (7 9 ). 
If the organic acids that are produced in the leaves act as 
cation carriers or in some way influence metabolic absorption
or translocation of magnesium, there may be a possible expla­
nation for the results that were obtained from the analyses of 
apical and central leaves. Although magnesium apparently is 
not translocated from older leaves (4, 20, 82 )> the amount of 
magnesium that reaches the older leaves may possibly be less 
if a factor such as diurnal fluctuation (^2) enters in. It 
is also possible that if more organic acids are produced by 
young leaves, and If these acids in turn are utilized in 
greater magnesium accumulation in regions of their production, 
the yotmger portions would therefore contain more magnesium.
The synthetic chelating agent that was used may have acted as 
an additional carrier or aided in some metabolic process. 
Versene, for example, has been reported to influence or activat 
certain en?;ymes (48, 102).
In 1959 potassium was significantly higher at the 
1 per cent level in the foliage of orchard trees that received 
the least amount of magnesium (treatment A). Results from, the 
greenhouse experiment were similar to those of the orchard 
experiment. No significant differences in the potassium 
content of the central stem regions were encountered. These 
results are in agreement with the work of Cain (21) who studied 
the interrelationships between calcium, magnesium and potassium 
in one-year-old McIntosh apple trees grown In sand culture.
Cain (21) reported that the potassium content of leaves was 
reduced by increasing the magnesium supply but that of the 
stems was relatively unchanged.
The calcium content of orchard leaves that were
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obtained from the trees that received the greatest amount of 
magnesium (treatment G) was significantly lower in 1959. The 
leaf analyses of central leaves from the greenhouse experiment 
showed that when magnesium and calcium were present at l/5 
of their normal concentrations, central leaves contain less 
calcium. Results from the analyses of stem samples obtained 
from the central region showed that an additional relationship 
for trees which received a minus magnesium nutrient solution 
contained significantly larger amounts of calcium. The order 
of the effect of one of these cations on reducing the tissue 
content of the other in apple tissue has been found to be 
Mg> Ca (21).
Although the iron content of soil that received 
chelating agent or iron chelate was not consistently higher 
than soils that did not receive these materials, Increased 
iron was present in leaves produced by trees that grew in 
soils that received chelating agent or iron chelate. No 
significant differences in foliar iron were apparent during 
the second year of the experiment. Apparently the influence 
of the iron chelate or chelating agent did not persist, the 
second season. Leaching was probably one of the predominant 
factors. For example: in Florida the longevity of a chelated
iron treatment was largely influenced by leaching or the length 
of time this form of iron remained in the root sone (100).,
The effect of an increase in iron content of foliage 
following additions of iron chelate has received considerable 
attention (77,98). Chelation of soil iron may have been one
of the important factors in increasing the foliar iron content 
of the orchard trees. Ferric iron forms a strong metal chelate 
and it will displace many of the soil metals that form we ale 
chelates. According to results obtained from analyses of 
foliage from the greenhouse experiment, the chelating agent 
seemed to influence the concentration of iron in the foliage 
in an inconsistant manner. In a few instances the trees that 
received a chelating agent contained more iron. Ma^umder and 
Dunn (?0) reported that in their experiment when the molar 
ratio of EDTA to Fe+++ was less than 1:1 the iron from FeCl^ 
rather than from Fe-EDTA was probably the dominant source of 
iron for the plant. However it may be possible that when the 
chelating agent was added with FeSO^ that iron from FeSO^ . was 
available, but that addition of a chelating agent increased 
the uptake of iron by forming an iron chelate. If these 
conditions prevailed the plant roots may have had two available 
sources of iron, and more than one factor, directly or Indirectly 
may have influenced the absorption of the metal. It is possi­
ble that the synthetic chelating agent functioned with natural 
chelating agents in the transport of iron or aided in supplying 
additional iron for absorption. Results of recent experiments 
(105) indicate that malic and malonic acids may function in 
the transport of iron within the plant.
Soil and leaf manganese were significantly higher when 
dolomite was not added to the soil. Eggert (36 ) observed 
similar results in a greenhouse experiment with Malus robusta 
Ho. 5 apple trees. Low soil pH and high manganese were 
observed in both experiments. It is notable that trees which
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were lower In magnesium contained more manganese. According 
to the review of literature on micronutrient elements in 
enzyme systems by McElroy and Nason (7 5 ), manganese can 
substitute for magnesium in many enzyme systems, but its 
activity is lower. The chelating agent did not appear to 
influence the manganese content of the plant. Wallace and 
Mueller (116) reported that the manganese chelate of HEEDTA 
decreased the manganese content of plants.
The leaves contained higher levels of each of the 
elements for which analyses were made than the stems. This 
is probably related to tissue structure and function. More 
metabolic activity occurs in leaves, and the elements for 
which analyses were made are essential in metabolism.
Several factors are evident in comparison of the 
foliar element content of each of the three areas analyzed 
(Table 45). Bukovac and Wittwer (19) classified the mobility 
of certain nutrients in the bean plant following foliar appli- 
tion. The mobile elements in this classification Included 
potassium and phosphorus, the partially mobile elements were 
manganese and Iron, while calcium was considered immobile. 
Table 45 shows that the levels of nitrogen, phosphorus and 
potassium,elements which are considered mobile, are higher In 
the apical leaves and lower In the basal leaves. Immobile 
calcium was low in the apical leaves and high in the basal 
leaves. The basal leaves also contained the highest amounts 
of manganese and magnesium. Prom this close similarity in 
level of magnesium with calcium and manganese, and from visual
observations that the basal leaves (Fig. 1 area c) did not 
show magnesium deficiency symptoms, magnesium probably should 
not be considered readily mobile. This evidence is supported 
by the results of several other experiments (4, 20, 36, 82'•!( . 
Lower levels of calcium were found in the apical leaves while 
magnesium and manganese were present at medium levels. Mag­
nesium and manganese play a more dominant role than calcium in 
carbohydrate metabolism. Therefore magnesium and manganese 
are needed in high concentrations where growth is occurring 
and energy is required.
Growth measurements and dry weight determinations 
provide similar results. In both instances the McIntosh 
seedling trees which received a minus magnesium nutrient 
solution produced significantly less terminal growth and dry 
weight than all other treatments. Diameter measurements did 
not reflect the influence of a chelating agent. The diameters 
of trees which received magnesium were significantly larger 
than the diameters of trees which did not receive magnesium. 
Since magnesium is an essential element,small diameters and 
poor growth can generally be anticipated with magnesium 
deficient treatments. Similar results have been previously 
reported (10, 33).
One of the most noticeable effects of the chelating 
agent was its Influence on the root system (Figs. 2, 3 and 4). 
Although this has already been briefly discussed in reference 
to magnesium and iron absorption certain additional factors 
should be considered.
Improvement of the root system by the addition of
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chelating agent was well illustrated in all instances, even 
when the trees were deprived of magnesium. According to 
Blalce e_t al. (10) the large percentage of dark colored roots 
in magnesium deficient trees is due to an early death of the 
cortex or juvenile hark. The apparent migration of EDTA in a 
root system has been reported by Weinstein e_t al. (126). The 
addition of a small amount of chelating agent may have aided 
in the transport of magnesium, iron, or other metals. In such 
instances metals could be more efficiently utilised. Mag­
nesium is very important in carbohydrate metabolism (75). In 
addition to possible roles of transport and absorption, the 
chelating agent may possibly influence a more effective or 
efficient use of small quantities of magnesium. Swanson (102) 
observed that Versene activates a phosphatase enzyme and simul 
taneously reduces the Mg++ requirement. .
The root systems of treatment 8 trees (1/5 Ca, Mg and 
micrometals plus 10 micromoles of chelating agent) were the 
most fully developed and possessed many fibrous roots. Treat­
ment 7 trees (1/5 Ca, Mg and micrometals) appeared to have 
roots that were thick and bulbous, thus resembling calcium 
deficiency (10). Roots of the treatment 7 trees probably 
indicate multiple deficiencies or nutritional unbalance.
The chelating agent (treatment 8) appeared to improve this 
deficient or unbalanced nutritional disorder. Although 
several possible explanations have already been discussed, 
in this latter instance a possible inrorovement in nutrient 
balance or metal utilization may also have been important 
in the development of an improved root system.
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The growth promoting influence of the chelating agent 
can not be overlooked. Kajumder and Dunn (70) reported that 
EDTA at low concentrations was beneficial to the growth of 
corn plants, especially in root development. Heath and Clark 
(54-) suggested that IAA may act on growth in the same way as 
a chelating agent, although its mode of action cannot be 
identical. In tissue culture studies where FeEDTA increased 
the growth of crown gall tissues indications are that its role 
is not that of an auxin (64).
CONCLUSIONS AND SUMMARY .
Orchard and greenhouse experiments were employed to 
st/udy the effects of a chelating agent and of iron chelate on 
the concentration of magnesium in young apple trees. The 
chelating agent was the trisodium salt of N~hydroxyethylethyl- 
enediaminetriacetic acid and its iron chelate.
The chelating agent and iron chelate influenced 
growth and concentration, of certain metals In ycnmg apple 
trees. Soil applications of 28.3^ and 5*5.69 grams of chelatin 
agent or iron chelate retarded tree growth in the orchard 
experiment. These amounts may have been toxic to trees under 
the conditions of this experiment.
Roots of trees In the greenhouse experiment which 
received a chelating agent in the complete nutrient solution 
made greater growth than roots of trees which received only 
a complete nutrient solution. While root growth was improved 
In trees receiving a minus magnesium nutrient solution when a 
chelating agent was added, these roots did not grow as well as 
roots of trees which received complete nutrient solution.
Most desirable root and foliar growth was obtained when mag­
nesium, calcium and micrometals were present at 1./5 normal 
concentration plus 10 micromoles of chelating agent (treat­
ment 8) .
Shoot growth, dry weight, and diameter measurements 
of McIntosh seedling trees in the greenhouse experiment did 
not show the same pronounced differences as the root systems
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did when a chelating agent was used.
Results from soil analyses showed that additions of 
dolomite resulted in an increase in available soil magnesium, 
calcium and pH, and a decrease in available soil manganese.
Under orchard and greenhouse conditions additions of 
chelating agent or iron chelate influenced levels of magnesium 
and iron in foliage of trees. Additions of chelating agent or 
iron chelate in the spring of 1959 resulted in increased mag­
nesium and iron content of foliage sampled in the fall of 1959 
but not in samples taken in August, I960.
Additions of 10 micromoles of chelating agent to a 
complete nutrient solution in the greenhouse experiment sig- 
nificatly increased the magnesium concentration of central 
leaves. The remaining areas of the tree that were analyzed 
did not reflect a significant difference in magnesium due to 
the addition of a chelating agent. In the greenhouse experi­
ment the chelating agent seemed to influence an increase in 
the foliar iron content of apical leaves in an inconsistent 
manner.
More information is desired on the effects of chelates 
on the magnesium concentration of young apple trees.
In the orchard experiment foliar calcium was lowest in 
the treatment that included Sul-Po-Mag plus 28.34 grams of che­
lating agent (treatment G). Greenhouse-grown trees that re­
ceived the least calcium were lowest in calcium. Leaves 
obtained from trees that received a complete nutrient solution 
contained a higher level of calcium than trees that received a
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minus magnesium nutrient solution. However, calcium was high­
er in stems of trees which received minus magnesium solutions.
In plant tissue potassium was present in higher con­
centrations when magnesium was low.
Larger amounts of manganese were observed in trees 
that received a minus magnesium nutrient solution in the 
greenhouse experiment and in trees that did not receive 
additional dolomite in the orchard experiment.
On the basis of visual observations and level of foliar 
elements determined by analyses, magnesium did not appear to 
move readily from basal leaves.
Additions of chelating agent to the nutrient solutions 
or to the soil did not significantly influence the content of 
nitrogen, phosphorus, potassium, calcium and manganese in 
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Appendix Table 1. Shortest Significant Range Valuesa






3 ^ 5  6 7
3.04 3 . 1 2  3 . 2 0 3.25 3.29
.140 .144 .147 .150 .151




2 3 4 5 6 7
3.89 4.06 4.16 4.22 4.32 4.36
.179 .187 .191 .194 .199 . 2 0 1
Appendix Table 2,
5 % level 
p: 2
rp: 2.89
Rp: . 1 6 5
Shortest Significant Range Values a 
for Mean Circumference of Orchard 
Trees - I960.
3 4 5 6 7
3.04 3.12 3.20 3.25 3.29





2 3 4 5 6 7
3.89 4.06 4.16 4.22 4.32 4.36
.223 .233 . 2 3 8 .242 .247 . 2 5 0
ap-- Size of Ranges; rp—  Appropriate Significant 
Studentized Ranges; Rp>—  Shortest Significant Ranges.
1 0 2
Appendix Table 3. Shortest Significant Range Values
for pH of Orchard Soils - 1959.
3% level
P : 2 3 A 5 6 ?
rp: 2.89 3.04 3.12 3.20 3.25 3.29
Rp: .142 .149 .153 .157 .159 .161
1 % level
P : 2 3 4 5 6 7
rp: 3.89 4.06 4.16 4.22 4.32 4.36
Rp: .191 .199 .204 .207 .212 .214
Appendix Table 4. Shortest Significant Range Values
for Mean Soil Potassium Content-1959.
5% level
p: 2 3 4 5 6 7
rp: 2.89 3.04 3.12 3.20 3.25 3.29
Rp: 59.2 62.3 63.9 6 5 . 6 66.6 67.4
1% level
p : 2 3 4  5 6 7
rp: 3.89 4.06 4.16 4.22 4.32 4.36
Rp: 79.7 83.2 85.3 8 6 . 5  8 8 . 6  8 9 . 4
10,3
Appendix Table 3. Shortest Significant Range Values
for Mean Soil Calcium Content-1959.
5% level
p: 2 3 ^ 5  6 7
rp: 2.89 3.04 3.12 3 . 2 0 3.25 3.29











p: 2 3 4 5 6 7
rp: 3.89 4.06 4.16 4.22 4.32 4.36
Rp: 94.4 98.5 100.9 102.4 104.8 105.8
3 4 5 6 7
4.06 4.16 4.22 4.32 4.36
212 217 220 225 227
Shortest Significant Range Values 
for Mean Soil Magnesium Content-1959^
3 4 5 6 7
3.04 3.12 3.20 3.25 3.29
73.7 75.7 77.6 78.8 79.8
1 0 4
Appendix Table 7. Shortest Significant Range Values
for Mean Soil Iron Content - 1959.
5% level
p: 2 3 4 5 6 7
rp: 2.89 3.04 3.12 3.20 3.25 3.29
Rp: 2.667 2.805 2.879 2.953 2.999 3.036
1% level
p: 2 3 4 5 6 7
rp: 3.89 4.06 4.16 4.22 4.32 4.36
Rp: 3.590 3.747 3.839 3.895 3.987 4.024
Appendix Table 8. Shortest Significant Range Values
for Mean Soil Manganese Content-1959.
%  level
p: 2 3 4 5 6 7
rp: 2.89 3.04 3.12 3.20 3.25 3.29
Rp: 9.467 9.959 10.221 10.483 10.647 10.778
1% level
p: 2 3 4 5 6 7
rp: 3.89 4.06 4.16 4.22 4.32 4.36
Rp: 12.743 13.300 13.628 13.824 14.152 14.283
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Appendix Table 9. Shortest Significant Range Values
for Mean Magnesium Content of
Orchard Leaves - 1959.
5i  level
P • 2 3 4 5 6 7
rp: 2.89 3.04 3.12 3.20 3.25 3.29
Rp: .0499 .0525 .0539 .0553 .0562 . 0 5 6 9
1% level
p: 2 3 4 5 6 7
rp: 3.89 4.06 4.16 4.22 4.32 4.36
Rp: .0672 .0702 .0719 .0730 .0747 .0754
a-*#*
Appendix Table 10. Shortest Significant Range Values 
for Mean Calcium Content - 1959.
5% level
p: 2 - 3 4 ■ 5 6 7
rp: 2.89 3.04 3.12 3.20 3.25 3.29
Rp: .141 .148 .152 .156 .158 .160
p: 2 3 4 5 6 7
rp: 3.89 4.06 4.16 4.22 4.32 4.36
Rp: .190 .198 .203 .206 .211 .213
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Appendix Table 11. Shortest Significant Range Values
for Mean Potassium Content of 
Orchard Leaves - 1959.
5% level
p: 2 3 4 5 6 7
rp: 2.89 3.04 3.12 3.20 3.25 3.29
Rp: .150 .158 .162 .166 .168 .171
1% level
p: 2 3 4 5 6 7
rp: 5.89 4.06 4.16 4.22 4.32 4.36
Rp: .202 .211 .216 .219 .225 .227
Appendix Table 12. Shortest 
for Mean 
Leaves -
Significant Range Values 
Iron Content of Orchard
1959.
5% level
p: 2 3 4 5 6 7
rp: 2.89 3.04 3.12 3.20 3.25 3.29
Rp: 47 50 51 52 53 54
1% level 
p: 2 3 4 5 6 7
rp: 3.89 4.06 4.16 4.22 4.32 4.36
Rp. 64 66 ,i68 69 71 71
1 0 7
Appendix Table 13. Shortest Significant Range Values for














































Appendix Table 14. Shortest Significant Range Values for
Mean Nitrogen of Orchard Leaves-1959.
5% level
p: 2 3 4 5 6  7
rp: 2.89 3.04 3.12 3.20 3.25 3.29
Rp: .155 .163 .167 .172 .174 .177
\% level
p: 2 3 4 5 6 7
rp: 3.89 4.06 4.16 4.22 4.32 4.36
Rp: .209 .281 .223 .227 .232 .234
Appendix Table 15. Shortest Significant Range Values
for Mean Magnesium Content of
Orchard Leaves - I960.
5 % level
p: 2 3 4 5 6 7
rp: 2.89 3.04 3 . 1 2  3 . 2 0  3.25 3.29
Rp: .0289 .0304 .0312 .0320 .0325 .0329
1 % level
p : 2 3 4 5 6 7
rp: 3.89 4.06 4.16 4.22 4.32 4.36
Rp: .0389 .0406 .0416 .0422 .0432 .0436
Appendix Table 16. Shortest Significant Range Values
for Mean Potassium Content of
Orchard Leaves - I960.
5 % level
p: 2 3 4 5 6 7
rp: 2.89 3.04 3 . 1 2  3 . 2 0  3.25 3.29
Rp: .076 ,080 .082 .084 .085 .086
1 % level
P: 2 3 4 5 6 7
rp: 3.89 4.06 4.16 4.22 4.32 4.36
Rp: .102 .107 .109 .111 .114 .115
1 0 9
Appendix Table 17. Shortest Significant Range Values
for Mean Manganese Content of
Orchard Leaves - I960.
5 % level
p: 2 3 4 - 5 6 7
rp: 2.89 3.04 3.12 3.20 3.25 3.29
Rp: 14.68 15.44 15.85 16.26 16.51 16.71
1 % level
p : 2 3 4 5 6 7
rp: 3.89 4.06 4.16 4.22 4.32 4.36
Rp: 19.76 20.62 21.13 21.44 21.95 22.15
• iH B K 'r
Appendix Table 18. Shortest Significant Range Values
for Terminal Growth of McIntosh 
Apple Seedlings from 7/14/60 
to 8/25/60.
5 % level
p: 2 3 4 5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3.41
Rp: 6 . 6 5  6.98 7.18 7.31 7.40 7.44 7.49
1 % level
p: 2 3 4 5 6 7 8
rp: 4.21 4.42 4.55 4.63 4.70 4.78 4.83
Rp: 9.24 9.71 9.99 10.17 10.32 10.50 10.61
1 1 0
Appendix Table 19. Shortest Significant Range Values for
Mean Dry Weights of Three Composite 
Stem Samples of McIntosh Apple Seed­
lings .
5% level
2 3 4 5 6 7 8
3.03 3.18 3.27 3.33 3.37 3.39 3.41





2 3 4 5 . 6  7 8
4.21 4.42 4.55 4.63 4.70 4.78 4.83
12.76 13.40 13.79 14.03 14.25 14.49 14.64
Appendix Table 20, Shortest Significant Range Values for 
Mean Stem Diameters of McIntosh Apple 
























7 82 3 4 5 6
4.21 4.42 4.55 4.63 4.70 4.78 4.83
18.30 19.21 19.78 20.13 20.43 20.78 21.00
Appendix Table 21. Shortest Significant Range Values for 
Mean Stem Diameters of McIntosh Apple 
Seedlings. Measurements Taken in Region 
B.
5% level
p: 2 3 4 5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3.41
Rp: 21.409 22.469 23.105 23.529 23.812 23.953 24.095
\% level
p: 2 3 4 5 6 7 8
rp: 4.21 4.42 4.55 4.63 4.70 4.78 4.83
Rp: 29.747 31 .231 32.150 32.715 33.210 33.770 34.128
Appendix Table 22. Shortest Significant Range Values 
Mean Magnesium Content of Apical ! 




p: 2 3 4 5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3.41
Rp: .0382 .0401 .041 2 .0420 .0425 .0427 .0430
\% level
P : 2 3 4 5 6 7 8
rp: 4.21 4.42 4.55 4.63 4.70 4.78 4.83
Rp: .0530 .0557 .0573 .0583 ,0592 .0602 .0609
Appendix Table 23- Shortest Significant Range Values for
Mean Magnesium Content of Central Leaves
of McIntosh Apple Seedlings.
3% level
p: 2 3 4 5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3.41
Rp: .057 ..060 -.062 . 0 6 3  .064 .064 . 0 6 5
level
p : 2 3 4 5 6 7 8
rp: 4.21 4,42 4.55 4.63 4.70 4.78 4.83
Rp: .0795 .0835 ..0859 .0875 .0888 .0903 .0913
Appendix Table 24. Shortest Significant Range Values for
Mean Magnesium Content of Central Stem 
Region of McIntosh Apple Seedlings.
5fo level
p : 2 3 4 5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3.41
Rp: .0245 .0257 .0264 .0269 .0272 .0274 .0276
level
p: 2 3  4 5 6 7 8
rp: 4.21 4.42 4 . 5 5  4.63 4.70 4.78 4.83
Rp,* .0341 . 0 3 5 8 . 0 3 6 8 .0375 . 0 3 8 0 . 0 3 8 7 . 0 3 9 1
Appendix Table 25. Shortest Significant Range Values for
Kean Calcium Content of Central Leaves
of McIntosh Apple Seedlings.
level
p: . 2 3 4  5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3-41
Rp: .0758 .0795 .0818 .0833 .0843 .0848 .0853
level
p : 2 3 4 5 6 7 8
rp: 4.21 4.42 4.55 4.63 4.70 4.78 4.83
Rp: .1052 .1105 .1138 .1158 .1175 .1195 .1208
4 H t-5B 'r
Appendix Table 26. Shortest Significant Range Values for
Mean Calcium Content of Central Stem 
Region of McIntosh Apple Seedlings.
5/o level
p: 2 3 4 5 6 7 8
rp: 3*03 3 J 8  3*27 3,.33 3..37 3.39 3.41
Rp: .1572 J650 ,1697 0728 ,1749 .1759 0769
\% level
p: 2 3  4 5 6 7 8
rp: 4.21 4.42 4.55 4.63 4.70 4.78 4.83
Rp: .2184 .2293 .2361 .2402 .2439 .2480 .2506
Appendix Table 27. Shortest Significant Range Values for
Mean Calcium Content of Central Stem
Region of McIntosh Apple Seedlings.
5$ level
p: 2 3 4 5 6 7 - 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3.41
Rp: .0648 .0680 .0699 .0712 .0721 .0725 .0729
level
p; 2 3 4 5 6 7 8
rp: 4.21 4.42 4.55 4.63 4.70 4.78 4.83
Rp: .0900 .0945 .0973 .0990 .1005 .1022 .1033
Appendix Table 28. Shortest Significant Range Values for
Mean Potassium Content of Apical Leaves 
of McIntosh Apple Seedlings.
5> level
p : 2 3 4 5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3-39 3.41
Rp: .4817 .5056 ,5199 .5294 .5358 .5390 .5421
level
p: 2 3 4 5 6 7 8
rp: 4.21 4.42 4.55 5 . 6 3 4.70 4.78 4.83
Rp: .6693 .7027 .7234 .7361 .7473 .7600 .7679
115
Appendix Table 29. Shortest Significant Range Values for
Mean Potassium Content of Central Leaves
of McIntosh Apple Seedlings.
5% level
p: 2 3 4 5 6 7 8
rp: 3.03 3.18 3 . 2 7  3.33 3.37 3.39 3.41
Rp: .2033 .2133 .2194 .2234 .2261 .2274 .2288
2 3 4 5 6 7 8
4.21 4.42 4.55 4.63 4.70 4.78 4.83
.2824 .2965 .3053 .3106 .3153 .3207 .3240
Appendix Table 3 0 . Shortest Significant Range Values for
Mean Iron Content of Apical Leaves of 
McIntosh Apple Seedlings.
5% level
p: 2 3  4 5 6 7 8
rp: 3.03 3.18 3 . 2 7  3.33 3.37 3.39 3.41
Rp: 7 3 . 6 6  77.31 7 9 . 4 9  80.95 81.92 82.41 82.90
1 % level
p: 2 3 4 5 6 7 8
rp: 4.21 4.42 4.55 4.63 4.70 4.78 4.83





Appendix Table 31. Shortest Significant Range Values for
Mean Manganese Content of Apical Leaves
of McIntosh Apple Seedlings.
5^ level
p: 2 3 4 5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3.41
Rp: 9.917 10.408 10.703 10.899 11.030 11.095 11.161
\% level
p : 2 3 4 5 6 7 8
rp: 4.21 4.42 4.55 4.63 4.70 4.78 4.83
Rp: 13.779 14.467 14.892 15.154 15.383 15.645 15.809
Appendix Table 32. Shortest Significant Range Values for
Mean Manganese Content of Central Leaves 
of McIntosh Apple Seedlings.
5% level
p: 2 3 4 5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3.41
Rp: 7 . 8 3 6  8.223 8.456 8.611 8.715 8 . 7 6 7  8.818
\% level
p : 2 3 4 5 6 7 8
rp: 4.21 4.42 4 . 5 5  4 . 6 3  4.70 4.78 4.83
Rp: 10.887 11.430 1 1 . 7 6 6  11.973 1 2 . 1 5 4  1 2 . 3 6 1 12.490
Appendix Table 33. Shortest Significant Range Values for
Mean Manganese Content of Central Stem


























1 % level 
Pi 2 3 4 5 6 7 8
rp: 4.21 4.42 4.55 4.63 4.70 4.78 4.83
Rp: 9.569 10.047 10.342 10.524 10.683 1 0 . 8 6 5  10.979
Appendix Table 34-. Shortest Significant Range Values for
Mean Nitrogen Content of Apical Leaves 
of McIntosh Apple Seedlings.
5^ level
p: 2 3 4 - 5 6 7 8
rp: 3.03 3.18 3.2? 3.33 3.37 3.39 3.41
Rp: .2448 .2569 .2642 .2690 .2722 .2739 .2755
\$> level
p: 2 3 4 5 6 7 8
rp: . 4.21 4.42 4.55 4.63 4.70 4.78 4.83
Rp: .3401 .3571 .3676 .3741 .3797 .3862 .3902
1 1 8
Appendix Table 35. Shortest,Significant Range Values for
Mean Nitrogen Content of Central Leaves 
of McIntosh Apple Seedlings.
5% level
P : 2 3 4 5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3.41
Rp: . 1 305 .1370 .1409 .1435 .1452 .1461 .1469
\% level
p: 2 3 4 5 6 7 8
rp: 4.21 4.42 4.53 4.63 4.70 4.78 4.83
Rp: .1814 .1905 .1961 .1995 .2025 . 2 0 6 0 . 2 0 8 1
Appendix Table 3 6 . Shortest Significant Range Values for 
Mean Nitrogen Content of Central Stem 
Region of McIntosh Apple Seedlings.
5% level
p: 2 3 4 5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3.41
Rp: .1233 .1294 .1330 .1355 .1371 .1379 .1387
\% level
p: 2 3 4 5 6 7 8
rp: 4.21 4.42 4.55 4.63 4.70 4.78 4.83
Rp: .1713 .1798 .1851 .1884 .1912 .1945 .1965
Appendix Table 37. Shortest Significant Range Values for
Mean Phosphorus Content of Apical Leaves
of McIntosh Apple Seedlings.
5% level
p: 2 3 4 5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3.41
Rp: .0245 .0257 .0264 .0269 .0272 .0274 .0276
2 3 4 5 6 7 8
4.21 4.42 4.55 4.63 4.70 4.78 4.83
.0341 .0358 .0368 .0375 .0380 .0387 .0391
Appendix Table 38. Shortest Significant Range Values for
Mean Phosphorus Content of Central 
Leaves of McIntosh Apple Seedlings.
5/£ level
p: 2 3 4 5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3.41
Rp: .0172 .0181 .0186 .0189 .0192 .0193 .0194
\% level
p: 2 3 4 5 6 7 8
rp: 4.21 4.42 4.55 4.63 4.70 4.78 4.83






Appendix Table 39. Shortest Significant Range Values for
Mean Phosphorus Content of Central Stem
Region of McIntosh Apple Seedlings.
5% level
p: 2 3 4 5 6 7 8
rp: 3.03 3.18 3.27 3.33 3.37 3.39 3.41
Rp: .0172 .0181 .0186 .0189 .0192 .0193 .0194
\% level
p: 2 3 4 5 6 7 8
rp: 4.21 4.42 4.55 4.63 4.70 4.78 4.83
Rp: .0239 .0251 .0259 .0263 .0267 .0272 .0275
1 2 1
Appendix Table 40. Soil Analyses for Orchard
Experiment - 1959.
pH
Treatment I II III IV V VI VII
A 4.9 4.5 4.6 5.0 4.3 4.7 4.5
B 5.5 5.6 5.9 5.2 5.0 5.0 5.6
0 5.6 5.4 5.7 5.2 5.1 5.4 5.4
D 5.6 5.9 5.5 5.3 5.4 5.6 5.6
E 6 . 0 5.6 5.3 5.4 5.4 5.1 5.4
P 5.4 5.2 5.4 5.0 4.9 5.2 5.6
G 5.5 5.3 5.4 5.2 5.8 5.0 5.6
Calcium (pounds per acre )
A 1 2 5 0 750 750 8 5 0 60 0 6 5 0 80 0
B 8 5 0 1 2 5 0 1 3 0 0 950 1 1 5 0 1 0 5 0 1 2 5 0
C 1 1 0 0 1 1 0 0 1 2 0 0 1350 1 2 0 0 1 0 5 0 1 2 5 0
D 8 5 0 1 2 5 0 1 5 0 0 1300 1 2 5 0 1 1 5 0 1 1 5 0
E 1 2 5 0 1 2 0 0 1 7 0 0 1 2 0 0 1 0 0 0 1 3 0 0 1 2 5 0
P 750 1 2 5 0 1 0 0 0 950 1 0 0 0 1 0 5 0 950
G 1 3 0 0 1 2 5 0 1 1 0 0 1150 1400 1350 1 2 0 0
Phosphorus (pounds per acre)
A 21 42 28 13 15 17 18
B 13 18 31 21 16 9 22
C 15 16 9 18 14 9 14
D 14 23 30 12 22 10 15
E 17 12 24 18 8 22 12
P 6 30 13 7 17 13 11
G 21 11 18 22 17 17 14
Potassium (pounds per acre)
A 556 490 452 444 390 358 352
B 324 377 384 352 377 402 444
C 370 416 384 444 416 395 444
D 345 365 B77 410 480 436 395
E 352 395 5 0 0 430 340 340 410'
P 340 352 410 384 458 430 330
G 690 634 624 514 556 7 6 8 680
G
1 2 2
Appendix Table 410 Soil Analyses for Orchard 
Experiment - 1959.
Magnesium (pounds per acre)
Treatment I II III IV V VI VII
A 336 180 156 210 231 228 213
B 315 417 348 408 444 435 417
C 375 363 402 420 492 402 399
D 279 387 441 441 441 441 372
E 435 402 522 384 381 396 531
P 288 378 342 372 327 378 336
G 684 6 09 522 420 372 675 624
Iron (pounds per acre)
A 4 13 10 7 13 9 10
B 6 4 4 6 8 6 4
C 7 6 9 14 15 10 10
D 10 6 12 17 14 13 12
E ..... 5 " 8 8 8 8 11 ■...7
P 7 10 9 12 16 13 12
G 9 10 9 8 6 17 8
- Manganese (pounds per acre)
a 30 50 50 35 75 50 58
B 25 15 ' 10 25 28 22 22
0 15 25 30 30 45 45 40
D 30 25 15 25 45 30 30
E 35 40 20 30 20 20 10
P 20 10 20 25 40 20 20
G 20 5 15 20 15 25 25
Appendix Table 42. Leaf Analyses for Orchard
Experiment - 1959. (E VII Missing Plot).
Calcium (per cent dry weight)
Treatment I II III IV V VI VII
A 1.14 1.26 1.06 1.15 1.00 1,,12 1 . 2 5
B 0.96 1.09 1.06 1.15 1.07 1..05 1 . 1 5
0 1.16 1.11 1.15 1.17 0.96 0,.98 1.09
D 0.95 1.62 0.97 0.98 0.99 0,, 68 0.98
E 0.98 1.04 1.12 1.09 1.14 1..07 %
P 0.82 1.09 0.95 1.17 1.07 ' 1,.01 1.20
G 0.78 0.78 0.91 0.95 0.77 0,»85 1.01
Magnesium (per cent dry weight)
A 0 .52 0,55 0.28 0.54 0.51 0.55 0.56
B 0.56 0.57 0.55 0.40 0.41 0.55 0.59
C 0.45 0.41 0.41 0.46 0.55 0.40 0.45
D 0.48 0.58 0.51 0.48 0.49 0.41 0.47
S' 0.41 0.48 0.46 0.45 0.42 . 0.44
p 0.56 0.44 0.41 0.44 0.42 0.52 0.56
G 0.48 0.42 0.52 0.40 0.40 0.55 0.55
Phosphorus (per cent dr;/- weight)
A.4 V 0.18 0.19 0.19 0.21 0.21 0.21 0.18
B 0.18 0.21 0.25 0.20 0.21 0.19 0.21
C 0.20 0.16 0.18 0.18 0.19 0.21 0.18
D 0.15 0.16 0.18 0.19 0.19 0.25 0.20
E 0.20 0.20 0.18 0.18 0.22 0.19 *
P 0.21 0.18 0.19 . 0.19 0.18 0.19 0.20
G 0.18 0.19 0.20 0.18 0.24 0.17 0.19
Potassium (percent dry weight)
A 2.02 2.27 2.57 2.17 1.91 2.24 2.55
B 1.77 1.76 1 . 8 2 2.04 1.81 1.81 2.00
C 1.81 1.77 1.69 1.81 1.62 1.74 1.81
D 1 . 6 5 1.80 1.65 1.85 1 . 7 6 2.26 1.77
S 1.81 1.74 1.81 1.81 1.75 1.65 »
P 1.95 1.55 1.66 1.70 1.74 1.65 1.65
G 1.75 1.69 1.75 1.80 1.90 1.81 1.81
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Appendix Table 43. Leaf Analyses for Orchard Experiment -
1959. (E VII Missing Plot).
Nitrogen (per cent dry weight)
Treatment I II III IV V VI VII
A 2.88 7,12 2.92 2.92 2.92 2.96 3.10
B 2.81 2.97 2.91 2.84 3.02 2.99 2.86
C 2.90 3.08 2.74 2.88 2.93 3.02 3.00
D 2.75 2.67 2.75 2.78 3.08 2.91 2.85
s 2.81 2.81 3.01 2.95 3.08 3.01
p 2.89 2.86 2.83 2.90 3.20 2.81 2.83
G 2.7 6 2.94 2.68 2.99 2.14 2.91 2,71
Manganese (p.p.m. )
A 160 671 438 282 358 473 280
B 131 107 84 133 178 151 111
C 75 84 92 100 1 29 105 102
D 64 50 63 89 98 53 58
E 73 105 101 102 108 1 30
P 73 64 69 98 124 111 86
G 87 75 95 91 73 144 118
Iron (p.p.m.)
A 254 248 280 282 244 281 *5 ?
B 255 272 284 260 277 21 6 2 8 6
0 341 339 340 421 347 321 380
D 624 526 614 434 430 437 46?
T?JL 339 355 368 371 531 41 1
P 320 494 427 377 310 420 354
G 430 408 365 334 2 6 6 457 27 6
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Appendix Table 44. Leaf Analyses for Orchard
Experiment - i960.
Calcium (per cent dry weight)
Treatment I II III IV V VI VII
A 1.08 1.14 i.i4 1.12 1.10 1.07 1.10
B 1.01 1.05 1 . 0 5 1.10 1.12 1.10 1 . 0 3
C 1.16 1.14 0 . 9 9 1.14 0.97 1.16 1.01
D 1.12 1.12 1 . 2 0 1.05 1.05 1.14 0.93
E 0.91 1.12 1 . 0 5 1.07 1.07 1.10 1.08
P * 1.29 0.99 1.14 1.00 1.07 1.07 1.02
G 0.97 0.97 1.07 1.05 1.10 1.05 1.07
Magnesium (per cent dry weight)
A 0.38 0.28 0.35 0.35 0.32 0.33 0.35
B 0.33 0.37 0.39 0.44 0.38 0.35 0.41
C 0.39 0.35 0.43 0.42 0.36 0.38 0.32
D 0.39 0.4l 0.46 0.44 0.37 0.42 0.37
E 0.42 0.35 0.49 0.37 0.3 6 0.39 0.38
E - 0.43 0.38 0.47 0.35 0.36 0.38 0.37
G 0.39 0.37 0.42 0.32 0.37 0.39 0.39
Phosphorus (per cent dry weight)
A 0.19 0.19 0.18 0.19 0.20 0.21 0.19
B 0.19 0.18 0.21 0.20 0.21 0.19 0.20
C 0.19 0.18 0.18 0.19 0.21 0.20 0.19
D 0.17 0.19 0.18 0.18 0.20 0.20 0.20
E 0.19 . 0.21 0.19 0.19 0.20 0.21 0.20 .
F 0.21 0.18 0.19 0.20 0.18 0.20 0.20
G 0.18 0.18 0.20 0.19 0.20 0.21 0.21
Potassium (per cent dry weight)
A 1.77 1.74 1.70 1.59 1.66 1.55 1.66
B 1.63 1.59 1.34 1.59 1.66 1.55 1.63
C 1.57 1.59 1.41 1.59 1.59 1.59 1.55
D 1.61 1.48 1.41 1.55 1.59 1.52 1.66
E 1.77 1.52 1.48 1. 52 1.55 1.63 1.59
F 1.74 1.45 1.59 1.52 1.70 1.55 1.55
G 1.70 1.59 1.59 1.59 1.63 1.63 1.66
1 2 6
Appendix Table 45. Leaf Analyses for Orchard
Experiment I960
Nitrogen (per cent dry weight)
Treatment I II III IV V VI VII
A 3.01 2.96 2.91 3.05 3.05 2.99 2.99
B 2.92 2.94 2.95 2.98 3.05 3.02 3.06
0 3.05 3.02 2.96 2.96 3.08 3.09 2.94
D 2.85 3.01 2.89 3.03 3.08 3.19 3. H
E 2.91 3.05 3.06 2.91 3.02 3.05 3.05
F 3.16 2.95 3.09 2.96 2.98 2.9 6 3.03
G 2.96 2.99 3.11 2.94 3.13 3.08 3.13
Manganese (p.P.m. )
I II III IV V VI VII
A 95 160 144 102 105 133 99
B 89 62 55 72 108 96 75
C 60 60 62 62 98 77 69
D 82 48 66 65 78 62 55
E 48 63 92 78 73 37 70
F 62 57 69 69 89 61 63 '
G 70 63 74 62 66 87 66
Iron (p.p.m.)
A 178 130 161 148 122 144 126
B 137 127 137 206 133 137 137
C 144 147 140 146 135 124 155
D 140 202 149 161 140 153 148
E 106 209 151 150 135 148 128
F 144 168 146 139 148 137 148
G 144 151 138 146 139 139 139
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Appendix Table 46. Leaf Analyses for Greenhouse
Experiment
Potassium (Per Cent Dry Weight)
Treatment A I A II A III B I B II B III C
1 2.15 2.15 2.15 1.86 2.01 1.91 1.69
2 3.33 2.45 3.58 2.52 2.41 2.52 1.65
3 3.20 3.20 3.58 2.58 2 . 6 2 2.41 1.80
4 3.20 3.20 3.14 •2.52 2.62 2.85 1.69
5 2.02 2.15 3.04 1.72 1.88 1.80 1.50
6 2.20 2.36 2.25 1.91 1.72 1.98 1.61
7 2.52 2.52 2.77 2.20 2.10 2.46 1.88
8 2.58 2.36 2.46 2.15 2.25 2.31 1.88
Calcium (Per Cent Dry Weight)
1 0.61 0.72 0.59 0.98 1.11 0.93 1.79
2 0.44 0.48 0.52 0.99 0.80 1.08 2.14
3 0.50 0.48 0.53 1.01 0.86 1.07 2.32
4 0.49 0.37 0.47 0.97 0.84 0.97 2.19
5 0.59 0.52 0.65 1.07 0.92 0.98 1.92
6 0.63 0.57 0.71 1.01 0.96 1.25 1.88
7 0.37 0.34 0.40 0.59 0.55 0.50 1.49
8 0.39 0.42 0.43 0.63 0.55 0.61 1.44
Magnesium (Per Cent Dry Weight)
1 0.33 0.31 0.29 0.27 0.28 0.19 0.41
2 0.14 0.12 0.15 0.11 0.07 0.08 0.21
3 0.15 0.16 0.16 0.08 0.14 0.09 0.18
4 0.17 0.14 0.16 0.07 0.10 0.09 0.19
5 0.30 0.36 0.31 0.23 0.28 0.32 0.46
6 0.30 0.35 0.29 0.29 0.34 0.39 0.36
7 0.25 0.20 0.24 0.11 0.12 0.12 0.26
8 0.25 0.24 0.23 0.14 0.14 0.16 0 . 2 6
A = Apical Region
B « Central Region
C = Basal Region
i
Appendix Table 47. Leaf Analyses for Greenhouse
Experiment
Phosphorus (Per Cent Dry Weight)
Treatment A I A II A III B I B II B III C
1 0.31 0.33 0.32 0.16 0.17 0.16 0.14
2 0.29 0.33 0.31 0.16 0.18 0.17 0.14
3 0.26 0.31 0.33 0.16 0.17 0.16 0.15
4 0.28 0.30 0.32 0.16 0.16 0.19 0.15
5 0.30 0.32 0.31 0.15 0.17 0.15 0.14
6 0.30 0.32 0.32 0.18 0.16 0.16 0.14
7 0.36 0.34 0.37 0.21 0.20 0.21 0 . 1 6
8 0.32 0.38 0.36 0.18 0.23 0.19 0.17
Mangane se (p.p.m .)
1 50 59 48 47 59 46 80
2 69 81 80 57 54 56 100
3 83 78 92 64 64 59 95
4 69 67 81 59 61 69 108
5 67 54 52 50 47 47 100
6 57 52 55 52 53 59 89
7 35 29 45 32 35 24 74
8 40 47 46 30 27 30 71
Iron (p.p.m.)
1 170 132 108 145 136 117 188
2 232 140 138 157 153 202 253
3 270 292 239 274 265 223 303
4 244 171 202 345 307 216 336
5 122 282 153 262 231 127 237
6 288 272 199 152 282 542 251
7 168 110 120 177 155 153 192
8 148 167 141 190 192 145 206
A = A p i c a l  R eg ion
B = C e n t r a l  R eg ion
C = B a s a l  R eg ion
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Appendix Table 48. Leaf Analyses for Greenhouse
Experiment
Nitrogen (Per Cent Dry Weight)
itment A I A II A III B I B II B III C
1 3.02 3.30 2.94 2.19 2.31 2.17 1.95
2 2.80 3.01 3.04 1.98 2.11 2.01 1.85
3 2.83 3.01 3.13 2.07 2.06 2.01 2.23
4 2.69 2.58 3.07 2.00 2.07 2.22 1.85
5 3.16 3.19 3.24 2.03 2.22 2.11 1.88
6 2.97 3.32 3.35 2.31 2.16 2.23 1.94
7 3.48 3.35 3.66 2.58 2.57 2.51 2.06
8 3.24 3.45 3.57 2.39 2.51 2.54 2.04
A = Apical Region 
B = Central Region 
C = Basal Region
Appendix Table 49. Stem Analyses for Greenhouse
Experiment
Potassium (Per Gent Dry Weight) 
Treatment A III B I B II B III C III
1 1.27 0.47 0.54 0.57 0 . 5 2
2 1.50 0.52 0.64 0.54 0.50
3 1.33 0.52 0.61 0.57 0.52
4 1.59 0.54 0.57 1.04 0.47
5 1.30 0.52 0.57 0.54 0.47
6 1.40 0.32 0.59 0.61 • 0.52
7 1.47 0.52 0.52 0 . 5 2 0.30
8 1.40 0.52 0.52 0.52 0.49
Calcium (Per Gent Dry Weight)
3. 0.49 0.40 0.39 0.42 0.53
2 0.67 0.69 0.82 0.73 0.87
3 0.58 0.66 0.75 0.7 6 0.96
4 0.73 0.64 0.77 0.69 o . 86
5 0.50 0.43 0.46 0.49 0.64
6 0.49 0.42 0.38 0.41 0.56
7 0.42 0.33 0.34 0.33 0.49
8 0.45 0.35 0.34 0.31 0.46
Magnesium (Per Cent Dry Weight)
1 0.27 0.07 0.08 0.08 0 . 0 8
2 0 . 0 6 0.03 0.04 0.01 0.02
3 0.07 0.04 0.04 0.02 0.01
4 0.08 0.02 0.04 0.04 0.03
5 0.26 0.09 0.10 0.03 0.07
6 0.28 0.08 0.07 0.09 0.10
7 0.22 0.06 0.07 0.05
8 0.23 0.07 0.06 0.06 0.07
Phosphorus (Per Cent Dry Weight)
1 0.21 0.08 0.10 0.09 0.11
2 0.14 0.07 0.11 0.09 0.10
3 0.16 0.10 0.11 0.10 0.12
4 0.14 0.10 0.12 0.11 0.12
5 0.20 0.09 0.10 0.09 0.11
6 0.21 0.09 0.07 0.10 0.11
7 0.24 0.12 0.12 0.12. 0.10
8 0.24 0.13 0.11 0.11 0.14
A = Apical Region 
_B = Central Region 
0 = Basal Region
Appendix Table 50. Stem Analyses for Greenhouse
Experiment
Nitrogen (Per Cent Dry Weight)
Treatment A III B I B II B III C III
1 2.19 0.45 0.61 0.57 0.58
2 1.20 0.39 0.45 0.39 0.44
3 1.24 0.58 0.51 0.55 0.54
4 0.45 0.51 0.74 0.54
5 2.04 0.51 0 . 6 1 0.55 0.54
6 2.20 0.54 0.47 0.57 0.51
7 2.38 0.70 0.70 0.7^ 0.70
8 2.29 0.74 0.66 0.66 0.70
Manganese (p.p.m.)
1 23 15 15 5 6
2 33 23 18 22 22
3 39 23 21 18 21
4 21 17 26 31 10
5 24 9 13 13 15
6 22 12 13 9 14
7 21 10 14 8 42
8 24 5 6 4 8
Iron (p.p.m.)
1 50 28 38 'J I 54
2 38 37 44 36 53
3 59 29 33 40 79
4 89 32 31 32 60
5 42 28 46 21 52
6 44 35 31 84 62
7 44 48 36 33
8 53 34 37 33 • 69
A = Apical Region
B =■ Central Region
C = Basal Region
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